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Abstract
Modern logistics is strongly influenced by ongoing outsourcing. Numerous logistics
service providers as stakeholders, as well as fragmented logistics networks and supply
chains, result from this outsourcing and specialization on distinct core competencies.
These stakeholders have to collaborate in order to enable complex supply chains. The
collaboration is difficult with the inherent heterogeneity between stakeholders in terms
of differing naming conventions and differing IT systems. An inadequate integration
and poor communication as well as incorrect information lead to mistakes and in-
efficiency. One promising approach to solve these problems is the interdisciplinary
paradigm of Cloud Logistics. Several parallels can be drawn between services of cloud
computing and services of logistics. The paradigm of Cloud Logistics is based on these
parallels and focuses on the adoption of the basic principles from cloud computing to
logistics. These principles comprise the virtualization of all resources and their encap-
sulation within reusable modules, the so called cloud logistics services. The essential
aspect of the cloud logistics paradigm is to bridge the logistics service providers’ het-
erogeneity and differing naming conventions and IT systems with a semantic approach.
The systematic literature review contained in the thesis reveals existing research gaps
in the field of cloud logistics. Shortcomings are, next to others, basic aspects such as
a definition and a conceptual framework to set the field of cloud logistics in context to
both affecting disciplines - cloud computing and logistics. Essential explicit artifacts
describing concepts and semantics of cloud logistics services are missing as well.
Following a design oriented information systems research approach, the contribu-
tion of the cumulative thesis comprises the development of these mentioned essential
artifacts. Especially the reusable generic ontology design patterns that semantically
describe the cloud logistics services and their structuring are important contributions.
Summarizing, the thesis contains a basic set of artifacts to enable the paradigm of cloud
logistics. The development of a first prototype and the elaboration of an application
example in the context of systematic engineering and evaluation of logistics process
alternatives complement the course of the thesis.
Zusammenfassung
Logistik ist heutzutage durch eine wachsende Arbeitsteilung und von einem Outsourcing-
Trend geprägt. Daraus resultieren fragmentierte Logistiknetzwerke und Supply Chains,
welche durch eine Vielzahl von Logistikdienstleistern als Stakeholder geprägt sind.
Diese Stakeholder müssen miteinander kollaborieren, um innerhalb der Supply Chains
zusammen zuwirken. Die Kollaboration geht mit Herausforderungen einher, welche
aus der inhärenten Heterogenität zwischen den Stakeholdern sowie abweichenden Na-
menkonventionen und IT-Systemen der beteiligten Stakeholder resultiert. Unzure-
ichende Integration, mangelhafte Kommunikation sowie Fehlinformation führen zu
Fehlern und Ineffizienzen. Ein vielversprechender Ansatz, um diese Probleme zu lösen,
ist das interdisziplinäre Paradigma Cloud Logistics. Zwischen Diensten des Cloud Com-
puting und Diensten der Logistik können diverse Parallelen gezogen werden. Das Cloud
Logistics Paradigma basiert auf diesen Parallelen und überträgt die Grundprinzipien
des Cloud Computing auf die Logistik. Zu diesen Grundprinzipien gehören unter an-
derem Aspekte wie die Ressourcenvirtualisierung und -kapselung in wiederverwend-
baren Modulen, den so genannten Cloud Logistics Services. Essentieller Aspekt des
Cloud Logistics Paradigmas ist die Überbrückung der Heterogenität der Logistikdien-
stleister und ihrer abweichenden Namenskonventionen und IT-Systeme mittels eines
semantischen Ansatzes.
Die vorliegende Dissertation deckt mit Hilfe einer systematischen Literaturrecherche
bestehende Lücken innerhalb des Forschungsfeldes Cloud Logistics auf. Defizite beste-
hen, neben anderen Aspekten, vorallem in essentiellen Artefakten des Forschungsfeldes,
wie bspw. einer angemessenen wissenschaftlichen Definition, und eines konzeptuellen
Frameworks, um das Forschungsfeld in den Kontext der beiden tangierenden Diszi-
plinen - Cloud Computing und Logistik - einzuordnen. Weiterhin mangelt es an essen-
tiellen und explizit beschriebenen Artefakten, welche Konzepte und die Semantik des
Engineering und Managements der Cloud Logistics Services beschreiben.
Der Methodologie der gestaltungsorinetierten Wirtschaftsinformatik folgend, besteht
der Beitrag dieser Dissertation in der Entwicklung der vorgenannten Artefakte. Beson-
ders die wiederverwendbaren generischen Ontology Design Pattern zur semantischen
Beschreibung der Cloud Logistics Services und ihrer Strukturierung stellen einen wichti-
gen Beitrag dar. Zusammenfassend enthält die Dissertation ein notwendiges Grundset
an Artefakten für die Umsetzung des Cloud Logistics Paradigmas. Die Entwicklung
eines ersten Prototypen, sowie die Erarbeitung eines Anwendungsbeispiels im Kon-
text systematischer Entwicklung und Evaluation von Prozessvarianten in der Logistik
runden die Arbeit ab.
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1 Introduction
The paradigmatic shift of logistics towards Cloud Logistics unlocks enormous potential
for the logistics sector. This change is based on the basic principles of cloud computing
and their adoption by logistics networks and supply chains. Potential benefits are
higher flexibility, easier collaboration and integration as well as higher competitiveness
and financial outcomes for Logistics Service Providers. However, challenges result from
this paradigmatic change as well.
In this chapter, as displayed in Figure 1.1, the reader is introduced to the topic areas
of logistics and cloud principles (section 1.1). Considering their parallels, various po-
tentials arise from a conversion of the logistics industry on the basis of cloud principles.
At the same time, challenges emerge that motivate the research conducted in the cur-
rent thesis. Those research challenges are described in a more detailed way through the
objectives and guiding research questions in section 1.2. Further, the methodological
research framework and applied methods are outlined in section 1.3. Eventually, this
chapter presents the conceptual structure of the contributions as well as the relations
between the scientific papers included in this cumulative thesis in section 1.4.
1.2 Objective and Research Questions
1.3 Reflections on Research in IS and Logistics
‐ Major Research Streams in Information Systems Research
‐ The Role of the Artifact in Design Science Research
‐ Knowledge Base in Design Science Research
‐ Scientific Rankings – Tell me what’s it good for?
1.4 Outline and Structure of the Thesis’ Contributions ‐ Included Publications
‐ General Contribution Type Level and Knowledge Contribution
‐ Applied Methodological Framework and Integrated Methods
‐ Included Papers – Structure and Relation
1.1 Background and Problem Statement
Logistics
‐ General Aspects
‐ Outsourcing and the Necessity for Collaboration
‐ Types of Logistics Service Providers
‐ The Logistics Integrator Enabling Collaboration
‐ Challenges of Collaboration in Logistics
Cloud Logistics – a Paradigm for Flexible Collaboration of Heterogeneous LSP
‐ Parallels Between Cloud Services and Logistics Services
‐ Potentials of Cloud Logistics
‐ Challenges of Cloud Logistics
Cloud Principles – Flexible Usage of Virtualized 
Resources
‐ Virtualization of IT‐Resources
‐ Virtualization of Everything – The Cloud Paradigm
Figure 1.1: The structure of the introductory chapter.
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1.1 Background and Problem Statement
Logistics
Essential for society, business and everyday life is the exchange of ideas, thoughts but
also physical things. Logistics primarily renders the exchange of physical goods in a
professionalized way and thus, holds enormous potential and relevance. This section
describes general aspects of logistics and outlines the inherent need for collaboration
between the involved stakeholder as well as the resulting concepts and challenges.
General Aspects
Logistics comprises the integrated engineering and management of systems that have
the objective of planning, operating and monitoring the realization of spatio-temporal
transformation of goods. Next to the flow of goods, logistics also includes the necessary
engineering and management of the related flow of information [Gudehus and Kotzab,
2012]. With an annual revenue of over 4.200 bn e worldwide [Clausen and Geiger,
2013], a market volume of 1.000 bn e in Europe [Schwemmer and Pflaum, 2017], and
being the third largest industry sector in Germany with almost 3 million employees
and a revenue of 222 bn e [Krampe et al., 2012], logistics is an important industrial
sector itself in the economic context. Further, logistics is of high economic relevance
in today’s world as it plays an essential role for the modern globalized society and
economy by physically connecting companies and different global areas in order to
enable the exchange of goods for production and trade [Gudehus and Kotzab, 2012].
There are different perspectives for structuring logistics, i.e. macro, micro and meta
logistics [Lohre et al., 2015; Kersten et al., 2014; Pfohl, 2010]. In the macro perspec-
tive, logistics is regarded on an overall economic level. Particularly macro economic
aspects, such as the global modal split between different means of transport, and
aspects of transport politics are in the focus. The micro perspective on logistics com-
prises the context of organisation-internal flows of goods and information. This can
be further subdivided into procurement, production logistics, distribution, spare parts
logistics, and reverse logistics [Pfohl, 2010]. Finally, the meta perspective of logis-
tics includes intra-organizational aspects, such as Supply Chain Management (SCM)1
and thus rather constitutes a part of macro logistics perspective. Main focus of the
meta perspective is set on the optimization of logistics flows across different business
locations between multiple companies.
Furthermore, in a planning and management context, strategical, tactical, and oper-
ational perspectives on logistics can be distinguished based on the considered time hori-
1 SCM is the systemic, strategic coordination of the traditional business functions and the tactics
across these business functions within a particular company and across businesses within the supply
chain, for the purposes of improving the long-term performance of the individual companies and the
supply chain as a whole. [Mentzer et al., 2001]
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zon and the extent of functions and responsibilities [Stadtler et al., 2012; Schmidt and
Wilhelm, 2000]. The strategic level focuses on a long-term horizon and the foundation
of logistics networks, such as locations, basic infrastructure and maximum capacities.
Tactical logistics comprises the mid-term horizon and focuses on contracts, process
planning, inventory levels and the integration of information and material flows. On
the operational level, aspects such as actual operations to assure in-time delivery of
goods are planned and managed. Those different perspectives can not be separated
completely from each other as they form the basis for the more detailed ones as well
as they provide feedback and experience for future planning on less detailed levels.
Outsourcing and the Necessity for Collaboration
Logistics evolved from being just a support function in companies to being a fully
developed standalone service-based sector of economy. This is a consequence of the
professionalization that comprises specialization or concentration on core competen-
cies, respectively. Hence, business models, which contain outsourcing activities, have
emerged in the field of logistics [Langley and Long, 2017; Langley and Long, 2016;
Stefansson, 2006; Wilding and Juriado, 2004].
Especially in meta logistics and the context of inter-organizational business connec-
tions, it is common that companies use outsourcing to run the material flow. Outsourc-
ing describes the delegation of responsibility to external third parties for the execution
of business tasks and operations that have been originally operated internally by a
company itself [Raubenheimer, 2010]. The basic decision on whether to outsource or
not is made on a strategic level and is based on corporate policy. Goals of outsourc-
ing are an increased flexibility, higher efficiency, innovative capabilities [Langley and
Long, 2018; Raubenheimer, 2010; Langley and Long, 2016; Subramanian et al., 2016;
Prajogo and Olhager, 2012; Selviaridis and Spring, 2007; Corsten and Felde, 2005].
Outsourcing can lead to a better operational performance [Liu et al., 2015] due to
incorporating the knowledge of logistics specialists. Outsourcing is common practice
and especially became prevalent in the context of logistics services in general (over 50%
of all logistics services are outsourced [Schwemmer and Pflaum, 2017]) and for com-
modity like services, such as domestic transportation (83 %), and warehousing (66 %),
in particular [Langley and Long, 2018]. Functions and services in logistics, especially
outsourced ones, are generally provided by LSP [Hingley et al., 2011; Stefansson, 2006].
Particularly LSPs connect different market participants, i.e. suppliers with Original
Equipment Manufacturer (OEM), OEM with wholesale and retailers, and them finally
with customers in order to form (global) supply chains, see Figure 1.2.
Supplier OEM
Wholesale & 
Retail
CustomerLSP LSP LSP
single LSP compound LSP system LSP
examples:
‐ carrier
‐ cargo terminals
‐ warehouse companies
‐ cool store companies
‐ port operations
‐ inland waterway shipping
‐ repair shops
examples:
‐ parcel service
‐ freight service provider
‐ package freight forwarder
‐ airlines
‐ waste and reverse logistics
‐ ocean carrier
‐ container service
examples:
‐ operators of freight
systems and
logistics centers
‐ supply chain manager
carrier contract LSP
forwarder
2PL
2nd party logistics provider
4PL / LLP
4th party / lead
logistics provider
3PL
3rd party logistics provider
Figure 1.2: The role of the LSP in the supply chain, adapted from Baumgarten [2008].
1 Introduction 4
Outsourcing of different logistics activities to different partners results in fragmented
logistics chains. Thus, outsourcing and the inherent specialization of each LSP lead to
the need of collaboration in networked economies [Handfield et al., 2013] in order to
meet complex customer demands by orchestrating services of several specialized LSP.
Collaboration between the involved LSP is unavoidable.
Types of Logistics Service Providers
With ongoing outsourcing and specialization, LSP also focus on taking over further
tasks and processes of their customers in order to increase revenue by fulfilling more
value-adding functions [Lohre et al., 2015]. Hence, different types of LSP and collabo-
rations evolve. Different role schemes with differing namings can be found in logistics
environments of specialized LSP. Commonly, basic characteristics of distinction in
these role schemes are (1) the ownership of physical assets, (2) the assignment of sub-
contractors, and (3) the complexity of the provided services (in terms of degree of
customization and scope of services) [Hingley et al., 2011; Selviaridis and Spring, 2007;
Stefansson, 2006]. With these characteristics, different types of LSP can be described
[Lohre et al., 2015; Gudehus and Kotzab, 2012; Arnold et al., 2008], see Figure 1.3 and
the following descriptions.
Single LSP focus on the simple original core functions of logistics, e.g. transportation,
transshipment, and warehousing. Further, specialized services can also be included,
such as customs clearance, or refrigerated logistics. Those services can be directly
performed concerning a customer’s order by a 2nd Party Logistics Provider (2PL).
They are characterized by (1) owning or at least using physical assets, (2) not assigning
subcontractors, and (3) offering rather simple and standardized services that are not
customizable. Those LSPs focus on specific types of goods, specific tasks, and specific
regions.
Compound LSP fulfill more complex functions, which are a combination of the former
core functions, as well as complete process performances, such as order taking and
processing, or track and trace. They not only take orders, perform tasks with regard
to statical given parameters (such as destination address, cooling level, etc.) and just
give feedback on the successful fulfillment (as single LSP do), but also return data
to customers during execution for information purpose and/or for for replanning and
re-adjusting operations towards customer needs on the fly. Compound LSP are also
labeled as 3rd Party Logistics Provider (3PL) and they can be characterized by (1)
owning or at least using physical assets, (2) assigning subcontractors (i.e. 2PL), and
(3) offering rather complex services that have to be customizable concerning customer
demand. These LSPs focus on performance-specific aspects of linked basic services
within national and global networks.
System LSP possess and/or operate whole logistics systems. The concept of 3PL can
also be labeled as system LSP in case of high responsibility for planning and controlling
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Figure 1.3: Types of LSP, adapted and extended from [Arnold et al., 2008].
of logistics systems. Further, this comprises also the abstract management of logistics
networks and the initiation of collaborations of several 3PL. Such a business model is
labeled Lead Logistics Provider (LLP) or 4th Party Logistics Provider (4PL). These
business models of LSP are characterized by (1) owning or at least using physical
assets (in case of the LLP) or not even owning or using physical assets (in case of the
4PL), (2) assigning subcontractors (3PL) and inherently even subsubcontractors (2PL),
and (3) offering complex services that are highly customizable up to individualized
supply chains and supply networks as well as special services for abstract logistics
functions, e.g. Information Technology (IT) integration, administrative services such
as network management, or systematic consulting. System LSP focus on customer
specific solutions and are able to invoke services from further specialists if needed.
The Logistics Integrator Enabling Collaboration
Successful and trustful collaboration and business partnerships must be based on a
common cooperation strategy, complementary resources, and organizational compat-
ibility [Ryu et al., 2009]. Volatile business environments like logistics in particular
require sophisticated coordination mechanisms as a success factor [Audy et al., 2012].
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Those coordination mechanisms are part of system LSPs’ business models, which have
a strong focus on the planning of comprehensive supply chains and logistics networks
as well as integrating resources and services from several different LSP, such business
models are e.g. 4PL without own resources [Pfohl et al., 2013; Hingley et al., 2011;
Win, 2008], or LLP combining own and external resources [Singh Bhatti et al., 2010].
As the integration of resources and services from subcontractors is not depending on
the ownership and usage of own resources, the concept of the Logistics Integrator (LI)
is introduced as an hypernym for both 4PL and LLP. The abstracted role of LI [Jager
et al., 2007], or Logistics Orchestrator [Zacharia et al., 2011] respectively, can be found
in literature. The LI offers the strategy of ’one-stop shopping’ [Pfohl et al., 2013; Pe-
ters et al., 2007] in order to be the central point of contact for customers’ complex
supply chains, each consisting of several specialized compound LSP. The LI responds
to volatility, changing demand and sudden disturbances in the supply chain. Such a
global and unified platform for outsourced logistics service is desired by shippers [Lan-
gley and Long, 2017]. The main challenge for collaboration comprises integration of
information flows and information systems [Hingley et al., 2011]. Thus, the planning
of supply chains and logistics networks at a higher level as well as the physical and
informational integration of LSP is a characteristic task of an LI. Hence, the crucial
core competency of an LI as a specialized planning and operating authority is the es-
tablishment of a logistics service intermediary that handles complexity [Hingley et al.,
2011] and that is concerned with the integration of resources, assets and services from
several providers of the network and their flexible provision to customers of the net-
work. As a consequence from the coordination of several different subcontracted LSP,
specific challenges arise for the LI that are discussed in the following subsection.
Challenges of Collaboration in Logistics
Especially in the context of meta logistics, tactical logistics planning is an ongoing issue
in terms of integrating different LSP within contracts for recurring logistics processes.
Tactical logistics planning focuses on the integration and quality of logistics processes
within supply chains in order to shape the foundation for the subsequent quantitative
elaboration and operations [Pfohl, 2010]. Hence, these are actually the issues that
have to be solved by the LI. The planning and integration of those logistics chains on
a tactical level is mainly influenced by the following two aspects.
On the one hand, tactical planning in logistics addresses especially the flexibility of
processes (volume, delivery and preconditions of operation) as well as supply chain
design, relationships and inter-organizational information systems [Esmaeilikia et al.,
2014; Schütz and Tomasgard, 2011; Stevenson and Spring, 2007]. The term flexibil-
ity means the ability to be easily modified by maintaining and analyzing a variety of
alternatives in order to choose the best for a specific task under current conditions [Bib-
hushan et al., 2014]. Customers are demanding a high flexibility, which is also marked
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as one key success factor in logistics and SCM in order to cope with volatile business
environments [Esmaeilikia et al., 2014; Singh and Acharya, 2013; Pfohl et al., 2013;
Hartmann and Grahl, 2012; Schütz and Tomasgard, 2011; Stevenson and Spring, 2007;
Christopher, 2000]. The ability of flexibly scaling operations and changing between
alternatives according to the customer demand is outlined to be a suggested element
of successful LSP relationship [Langley and Long, 2016; Pfohl et al., 2013].
On the other hand, the quantity of LSPs in large logistics networks and their differ-
ences entail a high heterogeneity. The differences descend mainly from differing spe-
cializations, as well as from syntactical, structural and semantic differences between
service descriptions, enterprise systems, and knowledge [Franke et al., 2016; Metzger
et al., 2012; Straube et al., 2008; Fawcett et al., 2007; Rodan and Galunic, 2004].
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Figure 1.4: The field of tension is created by the heterogeneity of the LSP and the
flexibility demanded by customers.
In Figure 1.4, the entailed heterogeneity of systems and descriptions between the
three LSPs offering transportation services is represented by different task shapes that
have to be integrated into the supply chain. The demanded flexibility is represented
by several options of a Transportation Task between a warehouse in location A and a
cross-docking facility in location B. In accordance with the customer preference that
can change over time, either LSP 1 (cheapest), LSP 2 (best quality) or LSP 3 (best
carbon footprint) shall be chosen to operate the Transportation Task. Hence, an LI
needs the flexibility to change and direct the flow of goods and information to and
between the different LSP in accordance with the current customer preference. The
flexibility aspects, such as volatility, organizational disturbances and regular reconfigu-
rations of logistics networks, intensify the challenging effects of heterogeneity, because
the differences encounter each other more often [Hoxha et al., 2010; Archer, 2006]. At
the same time, heterogeneity leads to an insufficient communication. Which in turn
leads to inefficiencies and a lower co-creational value [Rai et al., 2012]. The opposing
characteristics of flexibility and heterogeneity result in an area of tension, hence logis-
tics collaboration becomes a challenging issue for the Logistics Integrator. The core
competency and business model of the LI comprises the bridging of the heterogeneity
between the several LSP and their integration in order to provide flexible supply chains
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to its customers. While enabling the collaboration of different LSP, the LI faces the
challenge of their integration that are described in the following subsection.
Challenges of Integration
Large logistics networks with a high amount of participating LSP imply a high het-
erogeneity of systems, processes, syntactical descriptions. Hence, the integration of
several LSP particularly means the bridging of that heterogeneity. The alignment of
multiple LSP is marked as a critical success factor [Langley and Long, 2016; Pfohl
et al., 2013] in order to overcome the heterogeneity of integrated logistics networks or
SCM, respectively. Precondition for this is the compatibility of resources from differ-
ent LSP. Complementary resources and organizational compatibility are central issues
for the success of collaborations [Ryu et al., 2009]. Next to physical compatibility of
logistics resources, information compatibility and integration (in terms of information
technology and information sharing) is crucial for collaboration in logistics. This com-
prises the cross-organizational connection of LSP on a low level, such as Business to
Business (B2B) on the one hand [Hazen and Byrd, 2012; Hall et al., 2012; Prajogo and
Olhager, 2012] and the engineering and management of the integrated flows of goods
and information on a higher supply chain level in the context of the meta logistics
perspective on the other hand [Rai et al., 2012; Hingley et al., 2011].
One promising approach to ensure flexibility and compatibility is the creation of
modular logistics services [Rajahonka et al., 2013; Bask et al., 2010] as a common ref-
erence base. The increasing complexity in logistics networks demands for sophisticated
IT and with the growing demand for flexibility on the domain level, flexible IT archi-
tectures, which are able to handle modular logistics services, are gaining importance as
a common reference base [Scheuermann and Hoxha, 2012; Jörg Leukel, Jacob, et al.,
2011; Helo and Szekely, 2005]. However, this has to be based on domain-specific knowl-
edge about the logistics industry. The exploitation of logistics knowledge is already
focus of several approaches in literature [Jörg Leukel, Jacob, et al., 2011; Helo and
Szekely, 2005] whereas the structural and semantic differences remain to be a crucial
issue [Franke et al., 2016; Scheuermann and Hoxha, 2012].
Furthermore, IT still remains an issue because of the still existing ’IT-gap’ between
the importance of IT services and the customer satisfaction with their provision [Lang-
ley and Long, 2018; Langley and Long, 2017; Pfohl et al., 2013]. While the participants
of the Langley and Long [2017] study confirm basic transactional logistics services such
as domestic transportation (86%) or warehousing (66%) to be already outsourced to
LSP, only a minority of the participants outsourced IT services (17%) or LLP/4PL
services (10%). The findings are confirmed by other studies as well [Langley and Long,
2016; Wilding and Juriado, 2004]. While Langley and Long [2017] state: "Activities
that are strategic, IT-intensive and customer-facing tend to be outsourced to a lesser
extent", at the same time the studies of Langley and Long [2017] and Pfohl et al.
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[2013] and other publications as well (e.g. [Fuchs and Otto, 2015; Rai et al., 2012])
indicate a growing importance of IT-integration and rather strategic logistics services
to enable inter-organizational collaboration systems between the stakeholders of logis-
tics networks (i.e. shippers, LSP, or even with competitors) in order to increase value
co-creation, efficiency, and economic success.
Interim Conclusion
Summarizing, the logistics industry strongly depends on outsourcing and thus on ef-
fective collaboration of the involved LSP. Collaboration of the LSP means to arrange
supply chains, that invoke resources and logistics services from different LSP. With
the LSPs’ inherent heterogeneity and the flexibility demanded by customers, there is a
need for the business model of LI that integrates those LSP solving the field of tension
between entailed heterogeneity and demanded flexibility. The LI’s core competency
is the integration of the informational flow between the involved LSP by bridging the
heterogeneity. The precondition for bridging is a system of modular logistics services.
The representation in IS is the crucial challenge of integration. This precondition is
not satisfyingly fulfilled, as IT-intensive and complex logistics services remain to be
outsourced to a lesser extent.
Cloud Principles - Flexible Usage of Virtualized Resources
Besides logistics specific drivers and success factors, there are further trends and
paradigm shifts emerging in a more general business context. The trend of resource
virtualization descends from a paradigm shift in IT-related aspects and results in the
concept of Cloud Computing (CC). From this concept, basic cloud principles can be
derived that are presented in the following.
Virtualization of IT-Resources
Today’s industries and markets are facing an ongoing trend of virtualization and an ever
increasing importance of electronic inter-organizational relationships, whereas higher
expertise results in higher relational outcomes [Mallapragada et al., 2015; Brettel et al.,
2014]. The paradigm of Service Oriented Architectures (SOA) [Erl, 2015] is actively
supporting the realization of further virtualization. More precisely, this paradigm is
focusing on a service as a "scope of functionality that takes a defined input in order to
produce a certain value for its consumer with a defined output by consuming a defined
set of resources" [Erl, 2015; Papazoglou and van Heuvel, 2006]. With such an abstract
definition, services can be of diverse nature, such as business services or electronic
services. SOA was originally designed for business information systems in order to align
electronic services with business services by focusing on re-usable modular capabilities.
Additionally, the basic ideas of service orientation were also transferred to physical
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assets and products. Thus, with the inherent ’servitization’ [Baines et al., 2007; Morelli,
2003], the creation of Product Service Systems (PSS) [Beuren et al., 2013] is conducted.
Business models are transformed by taking the provision of a capability to a consumer
(i.e. service provision) into focus instead of selling the ownership of a particular physical
product. The objectives are to increase competitiveness and profitability on the one
hand [Geng et al., 2010] but also to increase sustainability on the other hand [Vezzoli
et al., 2014]. Hence, business models become targets of changes, examples are: vehicle
ownership structure in automotive industry (car sharing), bicycle sharing systems, or
’pay-per-wash’ scheme of Electrolux [Barquet et al., 2016; Beuren et al., 2013; Kang
and Wimmer, 2008; Williams, 2007].
Next to the mentioned fields of application, this virtualization of resources also
strongly influences the field of (physical and non-physical) IT infrastructures and
their provision. Based on service orientation, basic IT resources are usable without
owning them and provided to the consumer ’...-as-a-Service’ [Q. Zhang et al., 2010].
Particularly, pure hardware resources (Infrastructure-as-a-Service (IaaS)), operation-
ready IT system (Platform-as-a-Service (PaaS)), or software resources (Software-as-a-
Service (SaaS)) are provided to customers on-demand under the notion of CC [Mell
and Grance, 2011; Catteddu and Hogben, 2009; Vaquero et al., 2008]. This comprises
distributed, virtualized IT resources that are dynamically reconfigurable by facilitated
connectivity in order to meet optimized utilization of organizational IT systems. Cen-
tral characteristics and benefits are outlined in the following list [Marston et al., 2011;
Q. Zhang et al., 2010; Catteddu and Hogben, 2009]:
• highly abstracted, i.e. virtualized, resources
• resource pooling for a shared usage (hardware, database, memory, etc)
• immediate access to remote IT resources
• near instantaneous on-demand provisioning
• almost instantly scalable (up and down)
• high flexibility
• low cost of entry for initial usage, no upfront capital investment
Thus, the paradigm of cloud computing induced momentum to the notion of service
as a basic unit of resource abstraction and thus to virtualization. Recent studies show
an ongoing trend of IT outsourcing in terms of CC [Luftman et al., 2015]. However,
CC as the progression and consequent development of SOA is not a new technological
development itself as it is based on existing technologies, such as virtual machines,
distributed computing resources, and web services. However, the specific bundling
of those technologies, the creation of a customer-oriented business model, and the
implementation of basic non-technical principles lead to the seminal paradigm of CC
[Mell and Grance, 2011; Buyya et al., 2009; Vaquero et al., 2008].
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Virtualization of Everything - The Cloud Paradigm
Beyond technological IT-related concepts, central characteristics and underlying con-
cepts of CC - the Cloud Principles - can be interpreted in a more general way apart
from IT systems [Delfmann and Jaekel, 2012]. On a coarse grained level, the principles
mainly comprise (1) resource abstraction and virtualization, and (2) subsequent encap-
sulation within services. The goal of abstracting those principles is their application in
other sectors in order to enable the characteristics and inherent benefits of CC in those
other sectors as well. Services in general are inherently based on the usage of resources
[Erl, 2015; Papazoglou and van Heuvel, 2006]. With their virtualization, resources of
services can be made available on-demand and thus every service-based industry can
be migrated to the cloud to a greater or lesser extent, depending on the characteristics2
of resources. Thus, by enabling virtualized resources, an easier provision of services
can be achieved and benefits of CC (e.g. resource pooling for shared usage, scalability,
higher flexibility, and decrease of entry costs for initial usage [Marston et al., 2011; Q.
Zhang et al., 2010; Catteddu and Hogben, 2009]) can be transferred to other sectors.
The paradigm of CC changed and shaped the landscape of the IT sector [Marston et
al., 2011] and therewith business strategies, digitalization and business models of other
industries as well [Bharadwaj et al., 2013] as the importance of IT and its strategical
position is ever growing. Starting back in the days by being just a functional-level
strategy that is ’aligned’ but still subordinated under the business strategy, IT today
is increasingly influencing business models, processes and products of companies. Thus,
the role of IT strategy has to be re-evaluated in order to recognize the fusion of business
and IT strategies in terms of a comprehensive ’Digital Business Strategy’ [Bharadwaj
et al., 2013]. Such a strategy comprises advanced information systems and digital
cross-organizational collaboration. Hence, a transfer of cloud principles to the context
of business and (production and/or service) industry is a logical step of progression.
Existing applications of cloud principles to specific fields comprise Cloud Value Sys-
tems [Jörg Leukel, Kirn, et al., 2011], Database-as-a-Service [Gropengießer and Sattler,
2014] and also an ad hoc approach to CC via Function-as-a-Service (FaaS) [Downie,
2016]. However, those approaches still focus on IT resources. Further approaches
emerge that adopt those cloud principles to physical resources as well, like PSS did
with the SOA principles. For instance, cloud manufacturing is the virtualization and
provision of distributed manufacturing and production resources. It is found in lit-
erature under the term ’Manufacturing-as-a-Service’ [Hofmann and Rüsch, 2017; Wu
et al., 2013; L. Zhang et al., 2012; Xu, 2012; Rauschecker et al., 2011]. Even ap-
proaches introducing ’Everything-as-a-Service’ (XaaS) [Duan, Fu, et al., 2015] that
aim at a general service migration to the cloud [Duan, Cao, et al., 2015] can be found
in literature.
2 Production means like facilities and machines are bound to physical borders, hence an immediate
provision of resources within seconds like in CC appears to be impossible.
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Interim Conclusion
Cloud principles comprise the virtualization of resources and their encapsulation within
reusable modules. There are approaches of adopting them to other fields. The cloud
principles enable a high flexibility and the linkage of pooled resources of different
providers. Hence, their adoption to the logistics domain appears to be an interesting
approach in order to face the outlined challenges of collaboration in logistics.
Cloud Logistics - a Paradigm for Flexible Collaboration of
Heterogeneous LSP
Certain parallels can be drawn between the services provided by LSP (e.g. transporta-
tion, warehousing, customs clearance) and the services provided under the label of CC
(i.e. IaaS, PaaS, SaaS). Hence, the idea to adopt the described cloud principles to
the field of logistics in general and to logistics resources in particular emerges in order
to create the paradigm of Cloud Logistics (CL) [Delfmann and Jaekel, 2012]. With
this, particular potentials arise from the parallels. However, there are also challenges
emerging from the differences between logistics and CC.
Parallels Between Cloud Services and Logistics Services
Basic parallels between cloud services and logistics services can be drawn from their
provisioning models as well as from their several characteristics. Those aspects are
ranging from commodity-like, basic physical resources and their usage (e.g. IaaS in
CC, transportation services in CL) to more sophisticated services comprising the co-
ordinated usage of involved basic services (e.g. SaaS in CC, 4PL services in CL). Fur-
ther parallels comprise the ongoing shift of business models from owning and operating
own infrastructures of IT or logistics towards outsourcing them from external service
providers [Luftman et al., 2015; Langley and Long, 2017]. As a consequence, modern
logistics and IT departments fulfill rather coordinative functions, e.g. management of
service providers and service levels, instead of particular planning and operation of own
assets [Choudhary and Vithayathil, 2013], see Figure 1.5.
Cloud Service User IT Department
Role: Cloud Service Provider
Virtualized Services: IaaS, PaaS, SaaS
on‐demand
pay‐per‐use
manage 
provision
cloud service provisioning model
Logistics Service User Logistics Department
Role: Logistics Service Provider
Virtualized Services: 2PL, 3PL, 4PL
on‐demand
pay‐per‐use
manage 
provision
logistics service provisioning model
Supplier OEM
Wholesale & 
Retail
CustomerLSP LSP LSP
Figure 1.5: Cloud service and logistics service provisioning models, substantially ex-
tended from Choudhary and Vithayathil [2013].
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Having a deeper look into principles and characteristics of cloud services and logistics
services, further parallels as well as emerging challenges – of translating the cloud
principles to the logistics domain – can be derived, see Table 1.1. As a consequence, it
is standing to reason to evolve logistics towards a cloud-based paradigm.
Providing logistics services in a cloud like manner was first described in the white
paper of Delfmann and Jaekel [2012] and the scientific paper of Holtkamp et al. [2010].
The latter focuses on the migration of the entire supply chain software to the cloud (i.e.
PaaS, SaaS) and implementing a modular concept of ’business objects’ in order to grant
compatibility and consistency of IS and the alignment with physical logistics services.
Alternatively, Delfmann and Jaekel [2012] recognized the potential of migrating not
only IT resources to the cloud but also virtualizing physical logistics assets. By applying
the cloud principles to all logistics resources, they have created the concept of a shared
pool of compatible virtualized logistics resources that leads to a paradigm shift in
logistics industry. Both, the virtualization of resources and their encapsulation in
services, are essential to the paradigm; heterogeneity shall be bridged via a semantic
approach [Delfmann and Jaekel, 2012]. However, their white paper only describes
basic ideas without evaluations nor technical implementations. Since then, CL has
been recognized as an emerging topic of future logistics in literature [Jaekel, 2019;
Glöckner et al., 2017] and in industry as well, e.g. see DHL’s annual logistics trend
radar [Kückelhaus et al., 2016].
In [Glöckner et al., 2017] a comprehensive systematic literature review on ’cloud
logistics’ is presented. Following, a brief overview of the concept is outlined in order
to give a general impression of the literature in this field of research. The detailed
results can be found in Chapter 2. In terms of CL, there are other similar approaches
with different namings as well as approaches that do not grasp the whole range of
CL in terms of virtualizing all logistics resources. On the one hand, one approach
with similar characteristics is e.g. Jörg Leukel, Jacob, et al. [2011] that introduces the
concept of Supply-Chain-as-a-Service (SCaaS). They adopt the basic characteristics of
CC to supply chain systems in terms of service description and composition. With a
first evaluation use case, they deliver a proof of concept for describing and coordinating
supply chain systems with the help of cloud principles. The approach lacks composing
services and an integrated technology stack of specification language (such as Web
Ontology Language (OWL)) in order to bridge the semantic gap between different
LSP. On the other hand, there are publications that rather refer to an application of
CC in the field of logistics instead of adopting basic cloud principles even to physical
resources. For instance, Jede and Teuteberg [2016] develop a reference model for the
usage of CC in supply chain processes. The integrated view of CL is missing, which
means they only focus on the application of CC in the field of SCM instead of developing
the idea of a pool of virtualized (physical) resources. Further, their approach lacks an
in-depth reflection on semantical aspects of SCM or logistics.
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Table 1.1: Comparison and translation of principles from cloud computing services to
logistics services [Gudehus and Kotzab, 2012; Jörg Leukel, Jacob, et al.,
2011; Delfmann and Jaekel, 2012; Mell and Grance, 2011; Vaquero et al.,
2008]
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Potentials of Cloud Logistics
Several potentials arise when implementing the principles of the cloud logistics paradigm,
which is the motivation for the current thesis. Essentially, the paradigm shift facili-
tates the coordination mechanisms of a specialized planning authority, i.e. Logistics
Integrator (LI), that is keeping track of the whole supply chain. Through virtualization
and encapsulation, modular logistics services can be created that enable the connection
and on-demand usage of the underlying physical and non-physical logistics resources.
Figure 1.6 depicts the basic approach of CL, with differing shapes of logistics resources
at the bottom as the symbol for the heterogeneity of the LSP and the hexagons on
top for the compatible resulting logistics modules connected within the fragmented
logistics chain. Further, the virtualized logistics resources in the bottom of the cloud
are modularized (depicted as hexagons) and clustered concerning their domain-specific
purpose. The example shows 3 clusters: means of transportation, transshipment and
warehousing, as well as picking and packing.
Fragmented
Logistics Chain
(LI managed)
Heterogeneous
Logistics 
Resources
Cloud
Logistics
… …
Resource
Virtualization
Service 
Composition
Resource
Encapsulation
and Structuring
Figure 1.6: Resource virtualization and encapsulation within reusable cloud logistics
service modules. Icons made by Freepik from www.flaticon.com.
With the help of cloud technology and cloud methods - or short: cloud principles -
an easy implementation can be reached and the demand for digitalization and digital
business strategies can be met as well. Further, it can help to increase the amount of
outsourced IT services and strategic logistics services to the LI, while the other LSP
focus on their core competencies, i.e. the actual physical operation of logistics networks,
and shippers focusing on their core competencies, e.g. production or trade. Special
focus has to be set on the syntactical gap of semantically equal service description,
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which literature suggests to be solved by semantic web or ontological approaches, e.g.
see Jaekel [2019], Millet et al. [2013], Li et al. [2013], Delfmann and Jaekel [2012],
Jörg Leukel, Jacob, et al. [2011], and Holtkamp et al. [2010]. Templates and reusable
pattern of ontological descriptions can ensure the compatibility of LSPs’ resources and
their service descriptions despite the entailed heterogeneity. CL is assumed to address
several of the top challenges [Langley and Long, 2016] LSPs’ customers (the shippers)
are facing, by reducing transportation costs, improving visibility, managing inventory,
and achieving regulatory compliance. An increased transparency is the foundation and
it is assured by the ’control tower’ point of view of the LI. All those aspects are enabled
by the paradigm of cloud logistics [Jaekel, 2019; Delfmann and Jaekel, 2012; Holtkamp
et al., 2010].
Challenges of Cloud Logistics
However, challenges remain that have to be faced in order to successfully enable the
above-mentioned potentials. Modular logistics platforms are based on compatibility be-
tween and alignment with existing physical and non-physical resources in the logistics
network or supply chain, respectively. Besides the described similarities and the result-
ing potentials, the differences between CC and logistics impose a number of challenges.
Well working communication is an important pre-requisit of logistics outsourcing [Wild-
ing and Juriado, 2004]. This explains the low rate of outsourcing more complex and
sophisticated logistics services that are rather strategic, IT-intensive and/or customer-
facing [Langley and Long, 2017], as those sophisticvated services rely on a well working
digital communication and information exchange. Another key challenge described by
Kückelhaus et al. [2016] is the compatibility and integration of modular cloud services
into supply chain management systems. Further, the granularity trade-off of mod-
ular services is a lasting issue [Steghuis, 2006]. Subsequently, compatibility as well
as transparency about existing knowledge and resources require thoroughly developed
approaches in terms of conceptual and technical IT-artifacts. Logistics service models
need to be described similar to cloud services. Concepts and interfaces are currently
not as compatible as in cloud computing. Further, resources virtualization and scal-
ability cannot be utilized to full extend as service composition cannot build up on a
stable description and structuring of services. Eventually, physical restrictions (space
and time) impose an inevitable gap between service request and service provision.
Jaekel [2019] and Delfmann and Jaekel [2012] explicate the essential challenges of
research on CL. A close synchronization between the physical and the virtual world is
a necessary prerequisite. Interoperability of services between the individual resource
pools is another crucial point. The necessity of a Cloud Operator for logistics, such as
the LI, is discussed, which coordinates and moderates between the different stakehold-
ers and defines, engineers and manages standards for service descriptions, data inter-
faces, and performance measurement or policies that ensure data privacy if sensitive
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customer information is shared during service delivery. Most important, a compre-
hensive service model based on logistics resources is required as well as concepts and
technologies that facilitate the engineering and management of the resulting cloud lo-
gistics services. In the mean time, Jaekel [2019] has published a reference architecture
design for cloud logistics, which sets a first referential framework without delivering
concrete artifacts.
The research on CL is still a topic in its infancy [Delfmann and Jaekel, 2012]. The
comprehensive systematic literature review about the state of the art of CL can be
found in the course of the thesis in the first included paper, see [Glöckner et al., 2017]
in Chapter 2, that develops a first scientific definition of CL by systematically reviewing
existing literature on that topic. Apart from the definition, conceptual and technical
foundations of cloud logistics are still missing in terms of comprehensive concepts on
the engineering and management of cloud logistics services.
With regard to the syntactical gap, semantic building blocks, so called Ontology
Design Pattern (ODP) [Hoekstra, 2009; Presutti and Gangemi, 2008; Gangemi, 2005],
enable the creation of reusable ontological templates in order to overcome the semantic
gap. Such an ODP represents the elementary body of a generic ontology for a specific
purpose in order to give guidance for the creation and usage of ontologies in a spe-
cific field [Hoekstra, 2009]. Its reusable character and being the template for several
services e.g. in a logistics network ensures the compatibility of the modular logistics
services based on such a ODP. The modeling of the knowledge about the resources
and services of a network in OWL as the semantic language offers several advantages:
from explicit knowledge that is partially structured and modeled with classes and rela-
tionships, implicit knowledge can be deducted with the help of reasoning and inference
techniques when needed [Negri et al., 2017; Giunchiglia et al., 2010]. Hence, the en-
gineering and management of cloud logistics services, i.e. description, structuring and
combination, can be approached with the creation of appropriate ODPs. Fundamen-
tal design principles and ontological building blocks of logistics in general and cloud
logistics in particular are currently missing [Glöckner and Ludwig, 2017a] and thus
constitute crucial research outcomes of the thesis.
Further, the modularization of logistics services demands for suitable granularity
levels in order to facilitate decomposition of existing portfolios and composition of
customized composite services. An appropriate conceptualization of service granularity
is missing in literature [Glöckner et al., 2016b].
However, the described approaches are to be built upon artifacts developed from
an inter-disciplinary perspective at the intersection of logistics and IT. The resulting
particular objectives and research questions of the thesis are described in the following
section.
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1.2 Objective and Research Questions
The objectives of the thesis are the development and interrelation of conceptual and
technical artifacts as designated research outcomes, which enable the engineering and
management of cloud logistics services. They are domain-influenced and have the
goal to bridge the semantic gap of LSP. Together, those artifacts form a conceptual
framework used as a part of an information systems architecture in order to support a
digital business strategy (see Bharadwaj et al. [2013]) regarding the emerging paradigm
of cloud logistics. The artifacts are to be used to support the planning phases of
complex logistics services’ life-cycles (i.e. analysis and design, referring to Klinkmüller
et al. [2011]).
The engineering of cloud logistics services, on the one hand, is based on a compre-
hensive, domain-influenced service model that enables the establishment of a flexible
standard by a ’cloud operator’ (e.g. LI) within a logistics network. Its purpose is to
describe and virtualize physical and non-physical logistics resources in order to pool
them, encapsulate them in services and thus to make them compatible in terms of
reusable, modular cloud logistics services. For this part, the metaphor of the service
landscape of a logistics network is used, that is described by the entirety of modular
cloud logistics services that is existing in a logistics network. This supports the anal-
ysis and design phase of the lifecycle (i.e. creation of atomic cloud logistics services).
Particularly the following artifacts are required for the engineering (and the addressing
research questions in brackets):
• conceptual artifact describing a generic modular logistics service (see RQ1)
• technical artifact (ODP) targeting the semantic of modular services (see RQ2)
• conceptual artifact focusing on granularity of modular services (see RQ5)
The management of cloud logistics services, on the other hand, is described by the
metaphor of the service map. It is used to navigate in the above-mentioned landscape
in terms of structuring cloud logistics service portfolios. Purpose is to enable an easy
retrieval of specific virtualized and encapsulated logistics resources (above-mentioned
modular cloud logistics services) from a catalog for the subsequent combination in or-
der to create complex and customer-driven composite logistics services. The functions
of structuring logistics services in order to facilitate retrieval and the function of combi-
nation of atomic services are comprised by the service map concept. This supports the
design of composite logistics services. The structuring of services also faces the issues of
service granularity. Those artifacts are supporting the design phase of the lifecycle (i.e.
orchestration of atomic cloud logistics services). Particularly the following artifacts are
required for the management:
• conceptual artifact describing the service map (structuring & retrieval) (see RQ3)
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• technical artifact (ODP) targeting the semantic structuring (see RQ4)
• conceptual artifact focusing on granularity of modular services (see RQ5)
• prototypical artifact as proof of concept (see RQ6)
Based on the research objectives and the outlined artifacts, the leading question
of the thesis (Q) is aiming at the development and description of the cloud logistics
paradigm. Afterward, the leading question is split up into research questions (RQx)
that are leading the content and structure of the included papers:
Q: How can the paradigm of cloud logistics be described conceptually and comple-
mented with technical artifacts in order to support the engineering and man-
agement of cloud logistics services?
RQ1: How can the logistics domain and its essential resources be analyzed, described,
abstracted and categorized in order to create a logistics service blueprint that
enables cloud logistics?
RQ2: How can essential aspects of logistics services be represented in an ontology
design pattern?
RQ3: How can a structure for a catalog of logistics services be developed conceptually?
RQ4: How can essential structurings of logistics services be represented in an ontology
design pattern?
RQ5: What is the ’right’ set of granularity levels for modular logistics services?
RQ6: How can the concept of the Logistics Service Map be implemented prototypi-
cally?
The leading question is split up into several research questions that each shape the
structure of one of the included papers that form the body of the thesis. The first and
second questions aim at the development of a conceptual and a technical artifact for
logistics service engineering (’service landscape’) whereas the third and fourth questions
focus on the development of the conceptual and technical artifacts for logistics services
management (’service map’). The fifth question leads to the conceptual framework of
service granularity that links engineering and management. The sixth question focuses
on the prototypical implementation of the developed service map concept.
The papers included in the current thesis are each focusing on one particular re-
search question. The papers have been written based on the above-mentioned research
questions, invoke several scientific research methods (as described later on) and have
subsequently been peer-reviewed and published in several international scientific con-
ferences and journals. The methodology of the comprising thesis’ genesis as well as the
methodological reflection of the papers’ development and genesis are described in the
following section.
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1.3 Reflections on Research in IS and Logistics
Major Research Streams in Information Systems Research
Basically, there are two major research paradigms in IS [Hevner et al., 2004]: behavioral
science and design science. The paradigm of behavioral science on the one hand is
reactive and focuses on the behavior of humans and organization and seeks to explain
and predict their behavior in terms of information systems that are regarded as given.
The Design Science Research (DSR) paradigm on the other hand is proactive and
focuses on the creation of new IS artifacts in order extend the capabilities of humans
and organization [Hevner et al., 2004]. However, Hevner et al. [2004] emphasize the
complementary character of both streams as the given systems need to be designed
anyhow, and with the designed systems, new insights in the behavior of organizations
and users can be deducted. Since CL is a research topic in its infancy [Delfmann
and Jaekel, 2012] and only little research was done since [Glöckner et al., 2017], a
behavioral research design on existing systems is not appropriate. Additionally, based
on the artifact-focused research objectives, the thesis is following the IS research stream
of DSR.
Hevner et al. [2004] are introducing the framework of design science in information
systems research in order to grant rigor and relevance of research, see Figure 1.7. Ac-
cording the framework, IS research shall on the one hand take into account business
needs as requirements from the practical environment in order to grant relevance and
applicability of the results. Those requirements originate from the fields of people, or-
ganization and technology. On the other hand, theoretical insights from the knowledge
base shall be used to guide either the design process itself by scientific methodologies
and the designed outcome by scientific foundations. The application of the knowledge
base grants rigor to the results.
Relevance Rigor
People
‐ Roles
‐ Capabilities
‐ Characteristics
Organizations
‐ Strategies
‐ Structure & Culture
‐ Processes
Technology
‐ Infrastructure
‐ Applications
‐ Communications Architecture
‐ Development Capabilities
Foundations
‐ Theories
‐ Frameworks
‐ Instruments
‐ Constructs
‐ Models
‐ Methods
‐ Instatiations
Methodologies
‐ Data Analysis Techniques
‐ Formalisms
‐ Measures
‐ Validation Criteria
Environment IS Research Knowledge Base
Develop/Build
‐ Theories
‐ Artifacts
Justify/Evaluate
‐ Analytical
‐ Case Study
‐ Experimental
‐ Field Study
‐ Simulation
Assess Refine
Business 
Needs
Applicable
Knowledge
Application in the
Appropriate Environment
Additions to the
Knowledge Base
Figure 1.7: Information Systems Research Framework [Hevner et al., 2004].
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The Role of the Artifact in DSR
The process of conception and construction is the essence of design science. This
process implies the creation of a certain result that solves a previously specified design
problem. The creation of such a result is the objective of the DSR approach. With
the result-driven perspective, the creation of particular artifacts is in the center of all
research efforts. The working definition of an artifact within this thesis is "something
that has, or can be transformed into [. . . ] an artificially made object (e.g. model,
instantiation) or process (e.g. method, software)", based on Gregor and Hevner [2013]
with their reference to [Goldkuhl, 2002].
Even though, designing well-defined and concrete artifacts is crucial to the design
oriented stream of IS, it has to be mentioned that a designed artifact consists of the
designer’s knowledge and understanding of the problem and solution. Hevner et al.
thus explicate that "in new and emerging applications of technology, the artifact itself
represents an experiment" [Hevner et al., 2004]. With this in mind, design knowledge
(like from/for artifacts) evolves to design theory over time. Every maturation in a
body of knowledge begins with new initial artifacts. Thus, Gregor and Hevner [2013]
declare that even partial or incomplete theory as well as new design artifacts are im-
portant contributions to knowledge in new fields of research, by referring to [Merton,
1968; Sutton and Staw, 1995]. This view is further elaborated in [Gregor and Hevner,
2013], as every contribution of DSR, even design theory as presented in [Gregor and
Jones, 2007], is characterized as a certain kind of artifact that matches a certain kind
of knowledge maturity level. The resulting maturity levels of contribution types are
adapted from the outputs of design research of Purao [2002] and displayed in Table 1.2,
whereas lower level indicates more specific, limited and less mature knowledge. Higher
level indicates more abstract, complete and mature knowledge. Novel artifacts, even
level 1 contribution type artifacts, are valuable research contributions as they implic-
itly embody design ideas and theories that are not yet explicitly articulated, formalized
and fully understood. With CL not being a very mature field of research yet [Delf-
mann and Jaekel, 2012; Glöckner et al., 2017], initial artifacts on first and second level
scale of contribution type (see Table 1.2) are valuable contributions in order to increase
maturity of research field.
Table 1.2: Deisgn Science Research Contribution Types [Gregor and Hevner, 2013].
Contribution Type Example Artifacts
Level 3. Well-developed design theory about
embedded phenomena
Design theories (mid-range and grand
theories)
Level 2. Nascent design theory - knowledge
as operational principles/architecture
Constructs, methods, models, design
principles, technological rules
Level 1. Situated implementation of artifact Instantiations (software products or
implemented processes)
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Knowledge Base in DSR
Knowledge in DSR can be of differing nature: either descriptive (denoted Ω or omega)
or prescriptive (denoted Λ or lamda) in a science-philosophical context [Mokyr, 2002;
Gregor and Hevner, 2013]. Ω knowledge comprises natural phenomena, as well as laws
and regularities that are given and can be discovered. Its purpose is answering "what"
questions. Λ knowledge, on the other hand, contains human-built constructs, mod-
els and methods that are created from human creativity. This knowledge cannot be
discovered but is invented and has the purpose of answering "how" questions. By com-
paring research results in relation to the existing knowledge base (Ω & Λ), the novelty
of new artifacts can be evaluated. These two knowledge bases are in close relationship
and mutually important for each other [Varian, 2004]. With new insights in Ω knowl-
edge, such as natural science, new possibilities emerge for the Λ knowledge, such as
engineering. However, reciprocal analyzing Λ knowledge, and finding out why certain
principles work, can lead to new insights, e.g. a particular rule set or natural phenom-
ena, which leads to an extension of the Ω knowledge base. This mutual progression
and evolution of knowledge over time as well as some examples of artifacts within the
two bases are depicted in Figure 1.8. Further, this underlines the importance of initial
and lower level artifacts in order to mature especially younger fields of research, such
as CL. In the context of relevance issues, the research for new IS artifacts that are
invented have to be lead by "how" questions and form Λ knowledge. To grant the new
artifacts’ rigor, which is to be ensured by a foundation on the existing knowledge base,
"what" questions are invoked among others as sub questions derived from the leading
"how" questions for subdividing the research concerning the developed artifacts.
Ω1 Knowledge
Λ1 Knowledge
Design Theory
Design Cycle 1
Constructs Models Methods Instantiations
Ω2 Knowledge
Λ2 Knowledge
Design Theory
classifications
natural
laws
Design Cycle 2
Constructs Models Methods Instantiations
Ωn Knowledge
Λn Knowledge
Design Theory
classifications
natural laws
Design Cycle n
Constructs Models Methods Instantiations
…
principles
principles
classifications
natural
laws
Figure 1.8: Cyclic Evolution of Knowledge, adapted from [Gregor and Hevner, 2013].
In order to understand and position contributions of DSR, Gregor and Hevner [2013]
develop the DSR Knowledge Contribution Framework. Results are related to the start-
ing point of the knowledge base in terms of problem maturity and solution maturity.
Thus, the (incremental) progress and the contribution to the existing knowledge base
can be indicated. Those dimensions of problem and solution maturity are comprised in
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a 2x2 matrix with problem maturity on the x-axis and solution maturity on the y-axis,
see Figure 1.9. Contributions of the Invention quadrant mark a radical break through
in research, especially in a context of little current understanding of the problems to
be faced and where no effective artifacts exist in order to solve those problems. Thus,
the conceptualization of the problem itself is considered a key contribution. Gregor
and Hevner [2013] explicate that the majority of papers belonging to the invention
quadrant represent an artifact at level 1 or 2 of the contribution type table rather than
a fully developed design theory of level 3 (the several levels are described in Table 1.2).
However, grand design theories usually build on a comprehensive base of already de-
veloped artifacts that all address one particular problem. Thus, the problem is known
and contributions are not situated in the invention quadrant. The Improvement quad-
rant comprises publications and contributions that increase the effectiveness and/or
efficiency of existing solution artifacts within a known application context. Mostly,
those artifacts contribute to the Λ knowledge base. Exaptation contributions’ objec-
tives are the expropriation of existing artifacts in order to solve problems of adjacent
and different fields of application. Existing design knowledge of one field is extended
in order to solve problems of another field of application. Last, applying existing solu-
tions to known problems leads to Routine Design which normally does not contribute
to the knowledge base of DSR. In order to further support the process of producing
and consuming knowledge in DSR, Gregor and Hevner [2013] outline a DSR Publica-
tion Schema that consists of (1) Introduction, (2) Literature Review, (3) Method, (4)
Artifact Description, (5) Evaluation, (6) Discussion, and (7) Conclusion.
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Knowledge Contribution
Invention: Invent new solutions
for new problems. 
Research Opportunity and
Knowledge Contribution
Improvement: Develop new
solutions for known problems. 
Research Opportunity and
Knowledge Contribution
Figure 1.9: Design Science Research Knowledge Contribution Framework [Gregor and
Hevner, 2013].
This framework is also expression of the issue that nothing in science appears to be
"really ’new’" [Gregor and Hevner, 2013]. Every scientific contribution is based on pre-
views work and is created out of existing contributions and thus in the majority of cases
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publications and research results establish ’just’ incremental progress.3 Fields with a
low knowledge maturity in particular benefit even from incremental improvements or
only partial theory building as a significant publishable contribution.
Scientific Rankings - Tell me what’s it good for?
In general, scientific rankings are used as ’scientific quality indicator’ in order to (1)
give guidance to authors on where to publish their work and (2) to assess and rate
publications by the reputation of the publishing outlet they appeared in. Rankings are
either based on a ordinal scale (e.g. the VHB Jourqual 3 ranking4 (with a scale from
A+ to D)) or on a ratio scale with a point of origin and measurable indexes (e.g. the
measurement of the h-index [Hirsch, 2005]).
On the one hand, this is discussed as an advantage as a ranking-based assessment
seems to be reasonable when facing and structuring the ever increasing plethora of pos-
sible publication outlets and scientific venues, i.e. journals and conferences. Further,
purposes of publication rankings are such time-critical and sometimes non-expert con-
texts like committees hiring, promoting and retaining faculty members; or librarians
investing limited acquisition funds [Chapman and Ellinger, 2009; Shugan, 2003; Wal-
strom and Hardgrave, 2001]. However, on the other hand, there are several members
of the scientific community that observe the higher and increasingly sole importance
of rankings with suspicion. Hicks et al. [2015] state in a comment in the high repu-
tation journal Nature that "the abuse of research metrics has become too widespread
to ignore". The informed judgment of publications, i.e. actually reading and valuing
papers, can never be replaced by relying on a single indicator. This general criticism
and discussions of the natural science community can also be found in the manage-
ment science community, e.g. see [Lorenz and Löffler, 2015; Brown, 2012; Kieser and
Osterloh, 2012; Nkomo, 2009], as in the IS research community, e.g. see [Willcocks
et al., 2008; Agarwal and Lucas, 2005], and in the logistics research community as
well, see [McKinnon, 2017; McKinnon, 2013]. In IS research, the discussion on rank-
ings is strongly related to the discussion of the identity crisis of IS [Agarwal and Lucas,
2005] as an interdisciplinary field of research with a strong connection to an application
environment (as a source of problem and user of the resulting IT artifacts).
As outlined in the discussion, rankings affect the research landscape. Research activ-
ities in IS are narrowed in order to publish within high-impact journals to gain visibility
by the price of disregarding innovative and new fields of development and construction
of broader meaning of the IS research field [Agarwal and Lucas, 2005]. When journals
3 This point of view itself is also not a new insight. The metaphor of "dwarfs standing on the
shoulders of giants" is dated back to the 12th century and was made popular by Isaac Newton
in 1675 [Newton, 1675]. The dwarfs (modern scientists) are able to look further because of being
elevated by the giants (previous scientists and their research contributions). However, as they are
dwarfs, they are only able to look a little bit further (incremental progress of science and research).
4 http://vhbonline.org/vhb4you/jourqual/vhb-jourqual-3/teilrating-wi/
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of adjacent research fields such as sociology are assessed, biased ratings result from
differing stats and foci [Willcocks et al., 2008]. McKinnon outlines the damaging effect
of rankings and their over-interpretation for logistics as an academic discipline in the
papers Starry-Eyed I and II [McKinnon, 2013; McKinnon, 2017]. Especially logis-
tics as a rather young, small, application-oriented and itself interdisciplinary field of
research suffers from the described effects. For instance: researchers in the interdisci-
plinary field of logistics and IS are forced to publish in journals of the related IS field in
order to anyhow get the possibility to even publish in A+ Journal in accordance to the
VHB rating as this particular rating does not rate any logistics journals with A+. A
self-perpetuating cycle results in terms of submitting top papers only to top journals,
preventing mediocre journals, such as most logistics journals [McKinnon, 2013], from
becoming top journals in order to receive high quality papers from the community.
McKinnon draws three main consequences from his discussion of logistics research in
the context of rankings: (1) there are difficulties of gaining respect, reputation, funding
and even career perspectives in comparison with other faculty of fields with a broader
ranking range of journals; (2) logistics researchers reacting to this and publishing in the
top-tier, i.e. non-logistics, journals reinforce this status quo; and (3) methodological
bias towards theoretical and mathematical papers of the top logistics journals (remark:
again, even those are not A+-ranked) cuts off papers of alternative research streams,
such as empirical, survey- and case-study-based as well as design science papers.
Indeed, a highly charged debate can be pursued either for or against rankings and how
to use and rely on them5. No consensus can be found between different rankings, which
is no direct disadvantage itself as different rankings are based on different opinions and
criteria and thus each can have their own right to exist. However, with the existing
opacity about criteria and subjective opinions, opacity exists about the finding of the
final ranking and/or rating. Thus, rankings can be used at most as rough guidelines.
As Willcocks et al. [2008] summarize, it remains essential to actually read publications
and to put papers and research outcomes into the context of an overall research strategy
in order to assess each output independently from rankings.
1.4 Outline and Structure of the Thesis’ Contributions
- Included Publications
After the reflections on methodological aspects and rankings, the following section
puts the current thesis in context to those reflections, outlines the relation to adjacent
research streams as well as the relations between the papers and their inherent artifacts
that are based on the research questions presented in 1.2.
5 In this context, even scientists lose their academic dignity and adopt the wrong tone as in the debate
between [Willmott, 2011; Rowlinson et al., 2015; Tourish and Willmott, 2015] that is summarized
in the introduction of the paper Starry-Eyed II of McKinnon [2017].
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General Contribution Type Level and Knowledge Contribution
The field of Cloud Logistics is an interdisciplinary research issue with relations to
different areas of research, see Figure 1.10. On the one side (right), logistics provides
a problem in terms of a new business model. Even though the idea of an LI, or 4PL
respectively, is not that new, the problem maturity remains low as suitable concepts for
the implementation are missing on the practical as well as on the scientific side. On the
other side (left), different IS disciplines provide basic approaches for first solution ideas
of the CL issues. Those particular approaches are either of high maturity, e.g. ODP,
or SOA, or they are of low maturity, e.g. cloud principles and service engineering
of hybrid physical and informational services such as logistics services. Hence, the
artifacts contribute in different ways to the current knowledge base, see Table 1.3 and
for explanation Figure 1.9.
Cloud 
Computing
IS
Semantic
Web
Knowledge Base Application Environment
Logistics
Cloud Logistics
SOA
Conceptual
Modeling
Cloud 
Principles
ODP
Business Model of
Logistics Integrator
Figure 1.10: Cloud Logistics and its influencing research streams.
CL itself is a relatively young field of research with a low maturity of problems
and solutions, as a systematic description of several issues (e.g. the metaphors of
landscape and map) first had to be conceptualized (see 1.1). Accordingly, the whole
approach of foundational research artifacts of Cloud Logistics described in this thesis
can be considered an invention in terms of knowledge contribution. According to
the knowledge contribution of an invention, its first development and description only
reaches to the second level of contribution type: nascent design theory, i.e. knowledge
as operational principles/architecture.
The thesis follows the guideline of [Gregor and Hevner, 2013] and presents the seven
suggested aspects: (1) The purpose and scope are described in the first chapter in
terms of a brief introduction into the field of logistics and the resulting approach of
cloud logistics. (2) Related approaches are briefly outlined and a reference is given to
the first included paper of the thesis that contains a systematic literature review. (3)
The thesis is related to an the IS research stream of DSR and further methodological
reflections are presented. (4) Artifacts are described in the invoked papers of the
following chapters. (5) The evaluation of the total approach is described in the last
chapter. (6) discussion and (7) conclusion complete the thesis at the end.
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Applied Methodological Framework and Integrated Methods
The actual research process within the DSR research framework is of iterative nature
[Hevner et al., 2004]. Theories and artifacts are to be designed based on the foundation
of relevance and rigor in the step develop/build. Afterwards, the step of justify/evaluate
is conducted to analyze and assess the designed artifact and to gain new insights for
further development. Gregor and Hevner [2013] refer to the outlined steps of Peffers,
Tuunanen, et al. [2007] in their generic method for DSR: (1) identify problem; (2)
define solution objectives; (3) design and development; (4) demonstration; (5) eval-
uation; and (6) communication. Moreover, Gregor and Hevner [2013] show further
refined and developed methodologies, such as the methodological research framework
of Österle, Becker, et al. [2011]: the memorandum on design-oriented information sys-
tems research. This framework clearly focuses on the scientific development of artifacts
and guides the research process by defining four distinct basic phases that are to be
(iteratively) proceeded in order to generate those artifacts [Österle, Becker, et al., 2011;
Österle, Winter, et al., 2010], see Figure 1.11. Referring to the steps of Gregor and
Hevner [2013], step (1) and (2) are joined to analysis, and steps (3) and (4) are merged
into design. Evaluation and communication, or diffusion respectively, are equal. By
passing through the entire cycle, a rigorous development of relevant resulting artifacts
can be granted. The invocation of appropriate scientific methods within each phase of
the cycle in particular ensures the quality of the developed artifacts. The phases are
described and the research methods that have been used in the thesis and applied dur-
ing the course of the phases are listed. The methodology of design-oriented IS research
comprises the following four phases [Österle, Becker, et al., 2011; Österle, Winter, et
al., 2010]:
1. Analysis
‐ systematic literature review
‐ surveys
3. Evaluation
‐ FEDS Framework
‐ Reviews of scientific venues such 
as conferences, journals
2. Design
‐ domain engineering
‐ conceptual modeling
‐ prototyping
4. Diffusion
‐ publication in high‐ranked
scientific venues
‐ technical lectures & presentations
Figure 1.11: Framework of design-oriented IS research [Österle, Becker, et al., 2011].
Phases are complemented with example methods in this figure.
1. Analysis: The first phase comprises problem identification and description in
order to grant relevance of the research outcomes. The research gaps, objectives, and
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questions are derived and specified. The state-of-the-art, existing solutions and their
shortcomings as well as methods for the solution of the problem are analyzed and
outlined in order to grant rigor. Further, the invoked research methods are planned,
described and configured. Empirical studies are used in order to describe the actual
context of the logistics domain in general and the situation of LSP in particular. The
invoked research methods of this phase, which were applied to create the developed
artifacts, comprise:
• systematic literature reviews [Vom Brocke, Simons, Riemer, et al., 2015; Kitchen-
ham and Charters, 2007; Webster and Watson, 2002]
• surveys [Fowler, 2013] that are conducted within studies on the field of interest
by other researchers or institutions
2. Design: Generally accepted (published) methods are to be planned and used.
Design decisions are to be justified. Advantages to existing solutions are to be outlined.
The design phase comprises all methods that are used to actually create new artifacts.
The invoked research methods of this phase that are used to develop the artifacts of
the thesis comprise:
• extended service blueprinting [Hara et al., 2009]
• domain engineering [Czarnecki and Eisenecker, 2000]
• general morphological analysis [Ritchey, 2013]
• NeOn methodology [Suárez-Figueroa et al., 2012]
• conceptual modeling [Embley and Thalheim, 2011]
• metamodeling [Atkinson and Kühne, 2003]
• prototyping [Holmes, 2016; Wilde and Hess, 2007; Lantz, 1986]
• method engineering [Ralyté and Rolland, 2001; Castano and Antonellis, 1993]
3. Evaluation: The developed artifacts are to be validated against specified ob-
jectives with the method outlined in the planning. The review process of scientific
journals and conferences is explicitly denoted as being a part of the evaluation process
as well [Österle, Becker, et al., 2011]. The venues of publication are all carrying out a
strict double-blind peer-review system without exception. The reviewing and approv-
ing venues are presented in the upcoming section 1.4. The invoked research methods
of this phase used in the course of the included papers comprise the following ones:
• Framework for Evaluation in Design Science (FEDS) [Venable et al., 2014]
• Design Science Research Evaluation [Peffers, Rothenberger, et al., 2012]
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4. Diffusion: The dissemination of the research outcomes is one of the most impor-
tant points of the framework in order to create a research community of vivid exchange.
Appropriate formats of diffusion are scientific paper, conference paper, oral presen-
tation and dissertation theses. There are no particular methods for diffusion itself.
However, the used venues of publication are presented in the upcoming sub-section.
Included Papers - Structure and Relation
Each artifact either answers one of the research questions (see section 1.2) (artifacts
#1 - #6), presents an application example (#7), or consolidates (#8) the basic arti-
facts. Each artifact passed through the described cycle of the memorandum, and was
published within a particular paper6. The papers invoke certain research methods in
order to design the artifacts. An overview of this can be found in Table 1.3 with the ID
of each artifact, the corresponding artifact’s name, the leading development method
as well as a classification based on the contribution type level (see Table 1.2) and the
kind of knowledge contribution (see Table 1.9).
Table 1.3: Contributions of the thesis.
# Artifact Leading Method Le
ve
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1 Landscape (Conceptual) Extended Service Blueprinting 2 x
2 Landscape (Technical) NeOn Ontology Engineering 2 x
3 Map (Conceptual) Metamodeling 2 x
4 Map (Technical) NeOn Ontology Engineering 2 x
5 Granularity Framework Systematic Literature Review 2 x
6 Prototype Prototyping 1 x
7 Application Example Method Engineering 2 x
8 Consolidation & Roadmap DSR Framework 3 x
The publication of scientific papers is linked to a particular venue, which could be
either a scientific conference and its corresponding proceedings or a scientific journal.
An overview of the venues and publication outlets of the thesis’ papers and their ranking
is given in Table 1.4. Besides the acronym in the table, the full name of the venues is
given in the corresponding executive summary in the subsequent chapter of each paper.
As discussed before, scientific rankings of publication outlets are to be taken into
account responsibly, as their meaningfulness is limited. Nevertheless, in order to give
rough guidelines for the assessment of the included papers, two rankings and one index
are chosen. In consequence of the low maturity of the research topic of the current
6 Except for the consolidation paper #8 that mainly contains the already published artifacts and
sets them in relation to each other, and is publication ready.
1 Introduction 30
Table 1.4: Publication venues of the included papers.
# Artifact Paper Types Venue C
O
R
E
JQ
3
h-
in
de
x
1 Landscape (Conceptual) Conference Paper
Proceedings
HICSS A
C
-
2 Landscape (Technical) Workshop Paper*
Book Chapter
ISWC A - -
3 Map (Conceptual) Conference Paper
Book Chapter
BIS
LNBIP
B
C 27
4 Map (Technical) Conference Paper
Workshop Paper**
WI-IAT
ISWC
B
A
- -
5 Granularity Framework Conference Paper
Proceedings
ECIS A
B
-
6 Prototype Conference Paper
Book Chapter
DESRIST
LNCS
A
C 251
7 Application Example Conference Paper***
Book Chapter
ICEIS
LNBIP
C
C 27
8 Consolidation & Roadmap Journal Paper publication
ready
- - -
* The publishing of ODP through the ’official’ community is bound to the annual Workshop on
Ontology and Semantic Web Patterns (WOP): http://ontologydesignpatterns.org/wiki/WOP:Main
** A short version of the conference paper was also presented at WOP’17 like paper #2.
*** Best-Paper-Award at the ICEIS’15: http://www.iceis.org/PreviousAwards.aspx#2015
thesis, the first resulting research artifacts are also of low maturity (see the cyclic evo-
lution of knowledge in DSR adapted from [Gregor and Hevner, 2013] in Figure 1.8) and
thus conferences are more likely to become first publication outlets in order to present
initial results to the community and gain feedback for further improvement. Thus, the
CORE rankings portal from 20187 is chosen; it focuses on conferences in the field of
computer science and information technology, even specialized fields such as seman-
tics are covered. The CORE rating is based on a mix of indicators, such as citation
rates, paper submission and acceptance rates. Further, the VHB ranking list Jourqual
3 (JQ3) from 2015 is chosen; it is based on a survey among over 1000 researchers with
a general perspective of management science and economics but also specialized fields,
such as IS and logistics, are included in the consortium and thus specialized part rank-
ings exist8. The phenomena of a low average rating of logistics journals [McKinnon,
2017] can be recognized as well9. The JQ3 ranking mainly focuses on journals but
especially in the IS part ranking the main conferences and their respective proceedings
7 http://portal.core.edu.au/conf-ranks/
8 http://vhbonline.org/vhb4you/jourqual/vhb-jourqual-3/gesamtliste/ with two part lists for the
both concerning fields of IS (http://vhbonline.org/vhb4you/jourqual/vhb-jourqual-3/teilrating-wi)
and logistics (http://vhbonline.org/vhb4you/jourqual/vhb-jourqual-3/teilrating-log/).
9 In the logistics part of the JQ3 ranking, there is not a single A+ ranked journal and only three A
ranked journals but all of them three with a strong focus on mathematical modeling
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are included and ranked as well. Hence, the CORE and the VHB ranking constitute
useful options. Further, the h-index from Scimago10 is taken into account, stating the
amount (h) of a journal articles that have received an amount of at least h citations,
as proceedings of some of the conferences are published as listed journals.
For papers 1 and 5, there are no distinct journals but the conference proceedings
are ranked in JQ3. Papers’ 3 and 6 conference proceedings are published directly
within Springer’s series Lecture Notes in Business Information Processing (LNBIP)
and Lecture Notes in Computer Science (LNCS), respectively. Paper 7, as one of
ICEIS 2015’s best papers, was chosen to be published in a revised and extended ver-
sion in LNBIP. The relationship between the papers is outlined in Figure 1.12 that
contains all eight listed papers that are included in the thesis as well as three further
papers, which are related to the field of research but not part of the thesis itself. The
two main issues of service engineering and management, the service landscape and the
service map, are described conceptually at first (#1 and #3). Afterward, the respec-
tive ontological technical artifacts are presented in order to achieve compatibility of
resources from different LSP (#2) and their structuring (#4). Both, engineering and
management, depend on a clear service granularity that is conceptualized in paper #5.
The engineering and management of modular logistics services is prototypically demon-
strated in paper #6 as a junction of the engineering and management functionality. In
paper #7, an application example is given that describes a method that invokes the
service map approach in order to prepare for automated generation of complex service
alternatives with subsequent automated evaluation of the alternatives by a simulation
approach. Finally, paper #8 consolidates all the basic artifacts of cloud logistics and
draws attention to future research issues.
#1 Landscape
(Conceptual)
Positioning
#2 Landscape
(Technical)
#3 Map
(Conceptual)
#4 Map
(Technical)
#7 Application
Example
Visualization
Architecture
#5 Granularity
Framework
#6 Prototype
#8 Consolidation
& Roadmap
Included Papers
Supplementary Papers
Transitive Basis for
Figure 1.12: Included and supplementary Papers and their relation.
Apart from the included publications, further papers in the context of service engi-
neering and management in logistics were published. The positioning paper [Glöckner
and Ludwig, 2013] contains the basic conceptual idea of the logistics service map as an
10 http://www.scimagojr.com/
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approach of integrated engineering and management of logistics services. In [Glöckner,
Schwarzbach, et al., 2014], issues of the visual design of the service map are analyzed
and aspects of cognition and visualization are taken into account in order to facilitate
the management of logistics services and improve usability. Those findings influenced
the development of the prototype as well. The Paper of [Glöckner et al., 2016a] presents
a first attempt to create a reference architecture of the logistics service map.
Papers are included just as they were published. This further implies a mixture of
layout and citation styles, as different conferences and journals provide and prefer dif-
ferent templates and styles. For each paper, an additional executive summary outlines
the main contribution of the paper, the relation to the thesis as well as the meta data.
The following eight sections are dedicated to the described papers that document the
research on the foundational artifacts of cloud logistics.
2 Landscape - Conceptual
Glöckner, Michael; Ludwig, André; Franczyk Bogdan (2017): Go with the Flow -
Design of Cloud Logistics Service Blueprints. In: Proceedings of the 50th Hawaii
International Conference on System Sciences (HICSS) 2017, Waikoloa, Hawaii, United
States of America. [Glöckner et al., 2017]
2.1 "Go with the Flow - Design of Cloud Logistics
Service Blueprints"
Table 2.1: Meta data of the publication (Landscape - Conceptual).
DOI 10.24251/HICSS.2017.614
URL https://scholarspace.manoa.hawaii.edu/handle/10125/41776
Type Conference Paper, Proceedings
Publication in Proceedings of the 50th Hawaii International Conference on System
Sciences (HICSS) 2017
Editor -
Series Title Proceedings of the Hawaii International Conference on System Sci-
ences
ISSN / ISBN 978-0-9981331-0-2 (ISBN)
Publisher -
Place of
Publication
Waikoloa, Hawaii, United States of America (HICSS 2017)
Ranking CORE: A-ranked (conference)
VHB: C-ranked (proceedings)
h-index: -
Go with the Flow - Design of Cloud Logistics Service Blueprints
Michael Glo¨ckner1,2, Andre´ Ludwig2, and Bogdan Franczyk1,3
1Leipzig University, Leipzig, Germany
2Ku¨hne Logistics University, Hamburg, Germany
3Wrocław University of Economics, Wrocław, Poland
{gloeckner, franczyk}@wifa.uni-leipzig.de — andre.ludwig@the-klu.org
Abstract—By adopting principles of cloud computing to the
logistics domain the paradigm of Cloud Logistics is derived. It
appears to be a promising paradigm in order to evolve logistics
into being more flexible and collaborative. Yet, appropriate
concepts that enable the cloud logistics paradigm are missing.
In the paper, existing body of literature is reviewed and a
definition and a framework of cloud logistics is given. Further,
service blueprinting is combined with domain engineering and
general morphological analysis in order to create a suitable
method for designing cloud oriented service blueprints. Those
are focusing on domain-specific flows and transformations
enabling cloud oriented business collaboration. The method
is applied to the logistics domain and a cloud logistics service
blueprint is designed. Finally, the concept is evaluated with
real use cases from logistics service providers.
Keywords-Logistics, Service, Blueprinting, Cloud Logistics,
Resource Virtualization, Service Encapsulation
I. MOTIVATION AND METHODOLOGY
For years, logistics is facing the trends of outsourcing
and concentration on core competencies [1], [2]. In order to
fulfill complex customer demands in such an environment
of specialized logistics service providers (LSP), selection
of and collaboration between them is obligatory. For the
selection of LSP, flexibility - in terms of ability of adaption
to changing customer requirements, responsiveness to target
market, handling of specific requirements and time response
capability - is an important evaluation criteria [2], [3], [4].
Flexibility and performance of logistics services can be
increased [5] by the adoption of a service oriented paradigm
[6], [7], which is also the foundation for the principles
of cloud computing (CC) (’...-as-a-Service’) [8], [9]. This
comprises on the one hand encapsulation, composability,
loose coupling, and reusability (adapted from service ori-
entation) and on the other hand virtualization of resources,
ad-hoc reconfiguration and inter-connectability of resources
(adapted from CC). The adoption of those principles to the
logistics domain to the most possible extent leads to the
idea of Cloud Logistics (CL) as discussed in [10]. Its core
idea is the virtualization of both IT and physical logistics
resources and their encapsulation in logistics services in
order to provide flexible and customized logistics solutions.
It is pointed out, CL is still a topic in its infancy, just
existing as an theoretical concept and potential fields of
further research are discussed [10]. The most promising
field is a comprehensive service model based on logistics
resources and ensuring compatibility through coherent (data)
interfaces, which is crucial in order to combine services
and resources of different LSP. This conforms to the results
of Gupta et al. [11] and Arnold et al. [12]. They found
simple communication between stakeholders, ease of use
and convenience (which are enabled through comprehensive
models and compatibility) to be the topmost success factor
of CC ([11] for small and medium enterprises in general
and [12] for logistics enterprises in particular). Hence, those
factors are assumed to enable the success of CL as well.
Ease of use through compatibility and a comprehensive
model can be provided by a modular construction kit [13]
that is based on generic compatible building blocks that
represents the comprehensive service model. Thus, the idea
of Cloud Logistics Service Blueprints (CLSB) arises that can
be configured and specified to virtualize and represent the
various logistics services in a network and their resources.
By virtualizing and encapsulating with the help of the
same CLSB, compatibility of services and their resources
is granted and CL is enabled. Eventually, the engineering
of such a blueprint is a challenging task that answers
the leading research question: ’How can the logistics do-
main and its essential resources be analyzed, described,
abstracted and categorized in order to create a logistics
service blueprint that enables cloud logistics?’ that is solved
with the following sub-questions:
• SQ1: What is the leading definition of cloud logistics?
• SQ2: What are suitable service engineering methods for
creating cloud oriented service blueprints?
• SQ3: What is an appropriate conceptualization of the
logistics domain (description, flows, interfaces, trans-
formations) in order to develop Cloud Logistics Service
Blueprints for enabling cloud logistics?
As CL is a theoretical concept [10], an empirical observa-
tion is not possible. Hence, the design-science paradigm for
information systems [14] is chosen and the design-oriented
information systems research approach [15] is applied as the
leading methodological framework. Its phases of analysis,
design, evaluation and diffusion shape the structure of the
paper by using specific methods, see Figure 1. The analysis
is conducted in section II with a systematic literature review
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Figure 1: The design-science paradigm [14] as leads the design oriented research frame [15] with invoked methods.
that follows the approaches of [16], [17], [18]. It reveals
the state of the art of current literature concerning the
concept of ’cloud logistics’ in order to develop a thorough
theoretical basis. In times of ever incr sing amount of
scientifi papers being published and being accessible in
seconds via electronic databases and the internet, it gets
more difficult to accomplish a comprehensive analysis and
synthesis of literature due to limits of human perception and
processing of information. Hence, Vom Brocke et al. [16]
argue for the strategy of finding publications in a field with
the most seminal character as the ’backbone’ of the body of
literature that is broaden by forward and backward search
subsequently. The design phase in section III focuses on
the development of a suitable method for designing cloud
oriented service blueprints. The comprehensive method in-
volves mainly the methods of ’extended service blueprinting’
[19] as the leading approach, ’domain engineering’ [20] in
order to find common and varying points of a domain and to
create a configurable architecture. The ’general morphologi-
cal analysis’ [21] is invoked in order to structure the multidi-
mensional problem complex and to create a morphological
field. After being described, the comprehensive method is
applied to the logistics domain in order to develop the CLSB.
For evaluation, in section IV the resulting CLSB concept
is applied to services abstracted from real world processes
of internationally operating LSP and evaluated with the
’Framework for Evaluation in Design Science Research’
(FEDS) of [22] with an illustrative scenario [23] is used
to. Finally, the diffusion of evaluated results is conducted
by the paper itself. Section V concludes the paper with a
summary and discussion of findings as well as an outlook
on further research steps for the next iteration of the frame.
II. CLOUD LOGISTICS
A clear context for the design of the CLSB is necessary,
i.e. a distinct definition of cloud logistics (CL). As described,
CL is a theoretical idea for a new paradigm of logistics.
Hence, the currently available literature is searched, analyzed
and synthesized. CL is conceptualized, a definition and a
conceptual framework is given.
Table I: Amount of papers found and included with exact
phrase ’cloud logstics’ in title (per database and year).
databases re
su
lt
in
cl
ud
ed
20
10
20
11
20
12
20
13
20
14
20
15
20
16
google scholar 59 9 1 - - - 5 2 1
www.scholar.google.com
Springerlink 19 2 - - 1 1 - - -
link.springer.com
Science Direct 6 1 - - - 1 - - -
www.sciencedirect.com
IEEE Xplore 6 3 - - 2 - 1 1 -
ieeexplore.ieee.org
Web of Science 1 0 - - - - - - -
a ps.webofknowledge.com
Emerald Insight 0 0 - - - - - - -
www.emeraldinsight.com
ACM 0 0 - - - - - - -
dl.acm.org/
Foward and Backward 2 2 1 1 - - - - -
Total 93 15 2 1 3 2 6 3 1
A. Systematic Literature Review
In a very first step, google scholar pres nted an amount
of 27,500 results searching for ’cloud logistics’. In order to
achieve a reasonable quantity, we expect literature dealing
meaningfully with it to use the term in the title of the pub-
lication as this is a very young field. Next to google scholar
further databases were searched for the term ’cloud logistics’
in title, which lead to a reasonable amount of papers as
shown in Table I (access date: 19th May 2016). Duplicates
are excluded and removed (13 paper). Further exclusion
criteria are either no recognition of CL as a new paradigm
in logistics and/or no accessibility. Most of the excluded
paper dealt with the implementation of CC in the logistics
domain (without virtualization of physical resources), or
e.g. regarded CL as the allocation and management of CC
resources on server farms, see [39]. In total, 13 papers form
the body of seminal work. Through forward and backward
search another 2 paper were found to be relevant for the
topic of CL. The concepts of CL in the related literature are
discussed and presented.
The conceptualization of topic emerged into the fields of
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Table II: Conceptualization of ’cloud logistics’ and the
characteristics of the included paper.
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[24] - 3 x - x - - - x x x
[25] - 6 - x - - - - - - -
[26] - 3 x - - - - x x x x
[27] [24] 3 - x x - x - - x -
[28] [24] - - - - - - - - - -
[29] [24] - - - - - - - - - -
[30] - 4 - x - - x - - - -
[31] [27] - - - - - - - - - -
[32] - 3 - x - x - - x x x
[33] - 3 - x x x x - - - -
[34] [24] 3 - x - - - - - - -
[35] [24] - - - - - - - - - -
[36] [27] 3 - - - - - x - - -
[37] - 4 x - x - - - - - -
[38] x 4 x x - - x x x x -
definition of CL, layers, virtualization and encapsulation, see
Table II. It is evident that there exists no proper definition
of the term ’cloud logistics’ covering its entire and genuine
characteristics. All papers eventually root their description
of CL on Holtkamp et al. [24] that do not give a definition
of CL but rather describe the general idea of adopting cloud
principles to the logistics domain, like the other publication
created by the Fraunhofer Institutes, i.e. [32]. Leukel et al.
[38] establish the term ’supply chain as a service’ (SCaaS)
and define the terms cloud, supply chain system, (composite)
supply chain service and classification scheme. SCaaS is
added as another layer to the standard layers of CC on top
of SaaS. Summarizing, a definition of CL is required.
Concerning the regarded layers of CL two general per-
spectives exist, which are not mutually exclusive. On the one
hand, there is the ’classic’ view adapted from CC with the
layers of IaaS/PaaS/SaaS that could be extended with a layer
on domain-specific logistics services (i.e. Business Process-
aaS [26], Process-aaS [37], SCaaS [38]). This view comes
with difficulties, as computational resources are getting less
physical from IaaS to SaaS but the domain specific layer
on top again builds on other physical resources. On the
other hand, the majority of publications regard CL with
the layers of (1) physical resources that are (2) virtualized
into logical resources that afterward are (3) encapsulated
into services. Goal is the accessibility and orchestration
of physical resources through service interfaces. Additions
to those 3 basic layers are conceptually not necessary for
the essence of CL paradigm (like extra middleware layer
for virtualization and application interface layer of [25] or
operation mode layer (public/private/hybrid cloud mode) and
user role centered layer of [30]).
The virtualization concepts’ objective is to establish the
connection from physical resources to logical resources and
thus, the synchronization between real world and IT-systems.
While on the one hand, a business ontology [24] or semantic
data mediators [37] are just mentioned, on the other hand
ontologies based on resource classification [27] and concep-
tualization of physical resources [33] are presented. How-
ever, the both ontologies differ a lot and do not seem to rely
on literature nor on proper ontology engineering. The object-
oriented concept of [32] focuses on the essential objects of
logistics. They aim at abstracting real-world objects (goods,
handling units, transportation vehicles, facilities and doc-
uments (e.g. orders, invoices)) by business objects (BO) in
order to synchronize physical and virtualized resources. [33]
apply an object-oriented approach in order to achieve the
unified description of cloud logistics physical resources. A
useful categorization concept supports building up a catalog
in order to increase the ease of use for a logistics planner or
logistics integrator (retrieving services in order to compose
them to complex services in order to meet its customers’
demand) as well as the ease of use for the LSP (subscription
to provider list of existing services in the catalog). [27]
distinguish between different types of resources: equipment,
human, service, information and financial. [30] present a
classification of basic services (transport, warehousing and
transshipment) and value-added services. [33] accomplish
resource categorization by integrating a taxonomy that is
not further detailed. The categorization of [38] is based
on the Supply-Chain Operations Reference Model (SCOR)
[40] but already in their evaluation example they admit that
SCOR is not able to model detailed logistics processes (e.g.
ground handling operations at airports). Organization of the
content of the services is an important issue in order to
grant ease of use. Facilitated virtualization, categorization,
finding, and composition of the resources are important
requirements for cloud logistics. An ontology should contain
information and knowledge about logistics objects (like the
BOs of [32]) and logistics resources as well. This comprises
also a categorization concepts for enhanced ease-of-use. The
concept of the logistics service map [13] also emphasizes the
importance of the categorization of logistics services and
their resources. It comprises a catalog and a construction
kit of modular logistics services in order to engineer and
manage logistics services easily.
The presented encapsulation of CL are manifold. The
hierarchical structure of classic service models (I/P/SaaS)
is broken up by Papazoglou [26] in order to modularize and
enable free combinations of e.g. SaaS from one provider on
a PaaS from another provider run on the physical IaaS from
another third provider. This is pointed out as an important
requirement for effective implementation of BPaaS. This
model comprises functional characteristics, KPIs, resources,
policies as well as structured interaction and flow represena-
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tion. Leukel et al. [38] build their service model of SCaaS on
a flow-oriented perspective of logistics with parameters for
products, mode of transport, source and sink. Further, they
define input/output/inner data elements for the services and
their interfaces. Weißenberg and Springer [32] distinguish
between control, data and material flow in logistics. As basic
types they introduce GUIs as interfaces for human resources
and APIs for machine resources. Sensors are linked in order
to retrieve current state parameters of physical resources.
Zhang et al. [36] emphasize the combined characteristics
of logistics of physical and non-physical objects and thus,
argue for a product service system view on logistics. (Lo-
gistics) services are encapsulated and accessible via XML-
based description and interface. Different purpose-specific
languages are described in detail by [26], [32], whereas the
other authors only mention their existence. Commonly, an
easy-to-understand language for end users is conceptualized,
i.e. Blueprint Request Language (BRL) [26] and domain-
specific language of industry [32]. Further, a common ex-
change language of the involved IT-systems is described,
i.e. XML-based communication via bus or process engine
[32] or more detailed blueprint languages (BxL) of [26]
for description (BDL), constraints (BCL) and manipulation
(BML). Interestingly, the metaphor of combinable ’lego
bricks’ for services is explicitly used by [26], [32] and im-
plicated by emphasizing the need for standardized building
blocks by [24] in order to enable the idea of CL. This
idea avoids pairwise adapters (between LSP and/or their IT-
Systems) and data mappings [32]. Further, the creation of
newly available services in a logistics network is drastically
facilitated. On the one hand, Papazoglou’s cloud blueprints
[26] aim at creating building blocks for cloud services.
On the other hand, [32] aim to abstract real-world objects
(goods, handling units, transportation vehicles, facilities and
documents (e.g. orders, invoices)) by business objects (BO)
in order to synchronize physical and virtualized resources.
Hence, the BOs only take the first step of resource virtualiza-
tion but logistics services are not encapsulated. BOs abstract
the logistics objects but not the logistics services whereas the
created cloud blueprints are not focusing on logistics.
Summarizing, the idea of Lego Bricks of Logistics emerges
as pre-built, pre-configured and pre-optimized building
blocks focusing on reusable modular capabilities in the
logistics domain. Hence, they are filling the gap between
cloud blueprints for CC services of [26] and BO of [32].
Main shortcoming of [32] is the need of code generation by
domain experts when they want to offer and provide their
services via the described ’logistics mall’. The current goal
is to create blueprints of logistics services in a language
(or graphical notation) that a logistics domain expert could
easily understand in order to use them to built collaborative
logistics services. Retrieval and access to descriptions must
be easy. Existing technical service specifications (e.g. service
operations, their input/output parameters and the data types)
are to be pre-linked with the business level. This kind of
strategy is described in the concept of look-ahead [41].
Main input for the lego bricks should be the flows and
transformations of logistics domain as the essence of every
logistics service.
B. Definition of cloud logistics
As it stems from CC, the definition of CL is based on the
CC-defintion of [8] which should be taken into account in
order to get the whole picture of CL:
Cloud Logistics is a model, based on and inspired by
the paradigm of cloud computing, for enabling ubiquitous,
convenient, on-demand network access to a shared pool of
configurable and virtualized logistics resources (e.g. means
of transportation from different modes of transport, ware-
houses, domain-specific knowledge, logistics applications,
and services) that can be rapidly provisioned and released
with minimal management effort or service provider inter-
action. This cloud model is composed of the five essential
characteristics of cloud computing (on-demand self-service,
broad network access, resource pooling, rapid elasticity,
measured service) but is adjusted in consequence of lo-
gistics’ more physical character. This comprises: a location
dependency of services, the need of knowledge about that
current location as well as a lower elasticity due to slower
allocation of physical resource. The domain-specific layer
Logistics as a Service (LaaS) is added to the CC service
models. The capability provided to the consumer is to
provision transport, storage, handling, knowledge and other
fundamental logistics resources where the consumer is able
to ship and convey and transform logistics entities, which
can be of physical or non-physical character. The logistics
resources are purchasable through interfaces combining GUI
and/or API. The consumer does not manage or control
the underlying logistics infrastructure but has control over
the source and sink location and the transformation of the
entities shipped as well as control over the configuration
settings for the transformation-enabling environment. The
deployment mode of LaaS results in different business mod-
els of logistics service provider (LSP): public cloud (for
networks), private cloud (for big LSP with a comprehensive
service portfolio) and hybrid (for a participation of big LSP
in networks or as the basis of the business model for big
LSP to become a Lead Logistics Provider (LLP)).
C. Cloud Logistics Framework
Is CL just old wine in new skins? Of course outsourcing
and insourcing of capabilities, processes and resources is
nothing new to logistics. However, with the help of CL and
the concept of service blueprints, LSP are provided with the
possibility to collaborate digital and more flexible within a
network. This is possible even without good mutual internal
IT systems when the approach is provided by a logistics
integrator. CL is not only the application of CC in the
5061
2 Landscape - Conceptual 37
Services
IaaS
virtual machine
PaaS
Linux server
SaaS
WMS, TMS
LaaS / BPaaS
Logistics Service 
Blueprints
Objects network address programs business‐data,geo‐data
goods, container, 
documents
Capabilities
(logical resources)
system
or DB hosting software hosting
routing, 
track‘n‘trace
transport, 
warehousing, 
pick and pack
Resources
server, storage, 
CPU
operation
system, 
middleware
logistics apps
trucks, 
warehouses, 
knowledge
domain‐specificinformational
Cloud LogisticsCloud Computing
virtualization
encapsulation
Provision / application
Figure 2: Framework of Cloud Logistics, adapted and ex-
tended from Leukel and Scheuermann [42]. Examples are
given by small printed text.
logistics domain, but rather the adaption of its principles to
the domain-specific (physical) logistics services in order to
increase flexibility and collaboration. Furthermore, it helps
especially small LSP to take first steps towards digitalization.
By extending the existing definition of CC for CL purpose,
the definition of CL is formed and builds up the basis of
the CL framework presented in Fig. 2 that combines both
layer perspectives. The virtualization of computing resources
is adapted to (mostly physical) logistics resources. By en-
capsulating them, logistics services are shaped, that can be
freely combined. Foundation for such a flexible modular
collaboration is the design of Logistics Lego Bricks, or the
CLSB, respectively, that describe the essential flows and
transformations of the logistics domain in order to design
compatible virtualized resources from different providers.
Objective of services is always the transformation or manip-
ulation of certain objects. Following [36] an integrated view
is supported by following a product service system approach
for engineering cloud logistics service blueprints, i.e. service
blueprinting. Those service blueprints for a cloud-inspired
approach and environment are engineered in the next section.
III. DESIGNING A CLOUD LOGISTICS SERVICE
BLUEPRINT
The above described idea of cloud oriented service
blueprints bears potential for other domains as well. Hence,
the method of their design will be firstly developed without
domain-specific aspects of logistics. Afterward, the method
is applied to the logistics domain.
A. Involved Engineering Methods
1) Extended Service Blueprinting: The method of service
blueprinting [43], especially the modified version extended
service blueprinting by [19], offers suitable aspects to de-
scribe services that are based on both business services
and electronic services, see Fig. 3. The essential aspects
of services [7], i.e. interaction between consumer and
provider, value creation, input and output (physical or non-
physical, e.g. information, skills, knowledge or costumer
requirements) can be modeled with the help of extended
service blueprinting. Hara et al. [19] distinguish between
a behavior blueprint that represents the ’hardware’ and
their related software involved in a service (= electronic
services) as well as an activity blueprint that represents
the ’humanware’ and their related supporting software (=
business services). General depiction method is the business
process management notation (BPMN) in order to ensure a
common and easily understandable communication standard.
Services in general are seen as a set of functions that have
a possible value for customers in terms of changing one
or more receiver state parameters (RSP) [44], [45]. Those
RSP could be structured down to the lowest level where
they represent basic functions and are mapped afterward to
specific process steps of services in order to highlight their
importance in the context of interaction with the customer.
The change of the RSP is the goal of business activities
and thus they form the customers’ requirements. Further,
two important lines are introduced: the line of interaction
(separating service consumers and service providers) and the
line of visibility (separating ’onstage (visible)’ and ’back-
stage (invisible)’ of activities performed by the provider).
An inter-relation between the activity blueprint (humanware
+ related software) and the behavior blueprint (hardware
+ related software) is obligatory for the extended service
blueprinting. A further connection is established between
the functions of the RSP (customer requirements) and the
appropriate process steps.
2) Domain Engineering: Domain Engineering [20] is
used to find common and varying points of a domain in
order to determine configurable requirements. The created
domain model serves as a generic architecture for a con-
By connecting the view model and the extended service
blueprint, designers can clarify the influence of service process on
customer through functions (Fig. 5). Thus, it is possible to describe
service activities and product behaviors while confirming their
influence on the receiver. In other words, by focusing on customer
value and the roles of entities as described in the view model,
service activities and product behaviors can be interactively
designed in the extended service blueprint. The extended blueprint
can be especially used as a communication tool for managers,
marketers, and engineers in service development.
3.3.5. Activity blueprint
The activity blueprint corresponds to Shostack’s blueprint and
illustrates manual processes of service by human. As well as
Shostack’s blueprint and its related works, service activities are
arranged according to two lines: the line of interaction around
which the customer and the service provider interact; and the line
of visibility that separates ‘onstage (visible)’ from ‘backstage
(invisible)’ activities performed by the provider. The activity
blueprint specifies the service delivery process and interactions
between the customer and the provider.
3.3.6. Behavior blueprint
The product blueprint illustrates automated processes of
service by artifacts. We describe physical processes in the behavior
blueprint as well as the activity blueprint using BPMN for the sake
of achieving a simple user interface. Since BPMN is a general-
purpose modeling language for business process, it can be applied
to a technology-oriented process in service. Existing engineering
studies and knowledge (e.g. physical feature [32] can be utilized for
describing behavior blueprint. A physical feature is defined as a set
of physical phenomena and related entities [32]. A physical feature
represents the correspondence between a particular behavior and
a product structure.
3.3.7. Relationships between two blueprints
By preparing a similar user interface for both activity and
behavior blueprints,marketers and engineers can easily understand
both blueprints. In addition, as shown in Fig. 5, there is an
interrelation between the behavior blueprint and the activity
blueprint. Some BPMN message events (shown by a letter with a
circle) are symbols that show two types of collaborations between
the two blueprints. The first type of collaboration involves an
interaction between the customer and the product hardware, while
the second involves interactionsbetween the staff andequipment or
facilities. Informationabout suchcollaborations andservicedelivery
denotes how the products are used, which is useful for product
design. These connections will be demonstrated in Section 4.
3.3.8. Relationships between view models and two blueprints
Each of the lowest-level functions is mapped to a process that
produces a service: the process can comprise service activities,
product behaviors, and customer actions. Such relationships
represent the behavioral aspects of the lowest-level functions.
Therefore, they are subjective and show a many-to-many
correspondence according to the discussions on function and
behavior in conventional design studies (e.g. [33]). In the case
where a mapped process includes customer actions, it implies that
the corresponding function needs customer participation as a co-
producer of the service.
Some of humanware/hardware entities such as staff and
machine in view models are correlated with BPMN pools in the
corresponding activity/behavior blueprint. The rest of entities (i.e.
static objects) in the view models can be correlated with BPMN
data objects.
4. Service CAD system
4.1. Overview
Based on the aforementioned modeling method, a computer-
aided design system, called Service Explorer [7,10] has been
developed since 2002. Service Explorer can represent the needs of
customers and the relationship between those needs and services.
Traditional CAD tools for mechanical product design cannot
support customer needs. Service Explorer is an environment that
integrates value design, service activity design, and product design.
Using Service Explorer, managers, marketers and engineers can
work together to improve services while engaging in design of
service as shown in Section 2. Service Explorer is capable of both
reviewing and designing a new service, can help visualize services,
can evaluate services and can simulate services.
Fig. 5. Notation of the extended service blueprint in this study.
T. Hara et al. / CIRP Journal of Manufacturing Science and Technology 1 (2009) 262–271266
Figure 3: Notation of the extended service blueprint taken
from Hara et al. [19].
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figurable and standardized solution for a family of systems.
An advantage is the creative character. Not only existing
systems of a domain are to be collected and formalized, but
also additional domain knowledge can be added in order to
improve the result. With a domain categorization similarities
and differences are the core of re-configurability. Goal is to
enable functional and architectural reuse of software.
As the automated exchange of software and interaction
with logistics systems is the goal of cloud oriented service
blueprints, domain engineering appears to be suitable to be
integrated into the whole design method.
3) General Morphological Analysis: The General Mor-
phological Analysis (GMA) [21] can analyze and formalize
organizational and stakeholder structures as well as planning
issues and present them in a morphological field format. The
objective is to identify all dimensions of a problem as well
as the possible spectrum of values within the dimensions.
The method is suitable to structure and investigate the total
set of relationships of mutli-dimensional, non-quantifiable
problem complexes.
B. Method for Designing Cloud Oriented Service Blueprints
Services in general are relying mainly on a specific input
of physical and/or non-physical elements that are changed
in a certain kind of way during the service provision. Non-
physical elements are obligatory as e.g. information of the
customer sets the requirements and objectives of service
provision. Further, this implies an interaction between con-
sumer and provider and a certain value creation for the
customer, which means a change of certain parameters is the
customer’s motivation and defines the output of a service [7].
Alternatively speaking, a service can be characterized by (1)
a flow of entities (physical or non-physical) and (2) a certain
transformation of those entities. Hence, a Cloud Oriented
Service Blueprint has to describe the essential flows and
transformations of the target domain.
Having this and the aforementioned methods in mind,
the resulting objective is to design, a specific domain’s
essential flows and transformations and the human and
machine related interfaces. The objective of the service is the
transformation of customer’s RSP. Hence, the idea arises that
the typical RSP of a specific domain is always built upon a
certain set of possible domain-specific transformations. The
possible values of the flow and transformation dimensions
can be figured out with the GMA. Consequently, those
common points can be pre-configured in a cloud Oriented
Service Blueprint with interfaces for input and output data
elements and an inner data element [38] and an interface
to invoke further (sub-)services. Inspired by the blueprint
of [26] KPIs, resource utilization and policies (Figure 4)
and the according languages (Figure 5) are taken into
account. The look-ahead strategy by Bauer et al. [41] for
improving quality and cost-effectiveness of process-oriented,
service-driven applications focuses on the description of
reusable services with graphical notations or with a language
that is understandable to a domain expert with just low
or even without IT-Skills at all. This conforms with the
ideas of Papazoglou’s BRL [26] and Weißenberg et al.’s
domain-specific language of industry [32]. Additionally, the
orchestration and automation in the background requires the
description to be understandable by machines as well, e.g.
BxL blueprint languages of [26].
transformation dimensions
utilized active and passive resources
invoking sub-services
po
lic
ie
s
KPI
input flow 1
input flow …
output flow 1
output flow …
GUI API
Figure 4: The Cloud Oriented Service Blueprint contains
flow-related interfaces, transformations and interfaces for
invoking other (sub-)services, as well as resource utilization,
policies and KPI.
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Figure 5: The blueprint framework and its blueprint lan-
guages.
This pre-configured blueprint represents a process-
oriented service perspective like the extended service
blueprint of Hara et al. [19] that is based on the BPMN
language. Transformations always aim at specific values of
a domain or domain-specific RSP, respectively. Hence, it is
only useful to focus on the transformations of dimensions,
which are transformable by the services of a specific domain.
With this common understanding, a high flexibility, simple
communication and ease of use in service networks can be
achieved. The question What should be done ’right’ in order
to provide the service in a customer satisfying way? can
be used as a guidance (e.g. ’the domain’s objective is to
transform the right entity from the right input into the right
output with the right costs under the right conditions’ etc.).
The resulting method involves the following steps:
1) develop a convenient request language by finding rep-
resentational questions a service costumer could have
concerning service objectives (brainstorming with do-
main experts)
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2) develop the description language with conceptually
configured and domain-specific common points:
a) essential transformation dimensions for both
hardware and humanware (What has to be done
right?)
b) essential flows for the interfaces (input, output,
request of sub-services (What are the right enti-
ties?)
3) extend the description language with conceptually
configured and domain-specific varying points by
identifying the morphological field that can be ex-
tended later on:
a) possible ’active’ domain-specific resources that
enable transformations (e.g. staff, machines, in-
frastructures)
b) possible ’passive’ domain-specific resources that
enable flows (e.g. business objects: container,
documents)
c) domain-specific SLA
4) develop the compliance language with conceptu-
ally configured privacy, security, mandatory and non-
mandatory constraints
5) develop the manipulation language for opreations with
other blueprints
C. Cloud Logistics Service Blueprint
The method above is applied to the logistics domain.
As [36] emphasize logistics’ characteristics of physical and
non-physical objects and thus, argue for a product service
system view on logistics, the method based on extended
service blueprinting is suitable. When creating a basic cloud
Logistics Service Blueprint (CLSB), which is based on the
extended service blueprinting, the concept shown in Figure 3
has to be encapsulated and logistics characteristics have
to be taken into account. From the basic logistics lego
brick (the CLSB), specific logistics services can be derived
that incorporate distinct logistics resources in order to ful-
fill logistics functions, i.e. transformations. Because of the
services with common interfaces, those logistics functions
can be combined and thus cloud logistics is enabled. The
results of the several steps are shown in a conceptual way.
Implementation is to be done in an XML-based language.
(1) The request should enable consumers to discover and
request appropriate resource (e.g., ’I need this many trucks
with a pallet capacity of x’, or ’I need cooled storage
capacity for x pallets’) and higher-level application requests
(e.g., ’I need enough capacity to perform this specific
service’) over standardized blueprint images that are stored
in the logistics service map [13] that act like a catalog of
cloud services and providers. Hence, the request language
should be able to express kind and number of the resources,
transformations based on the flows.
(2) The description of the logistics services should com-
prise all essential transformations of the logistics domain.
Mentzer et al. [46] describe the 7R as the common points
of a successful logistics that targets to deliver:
1) the right product
2) to the right location
3) in the right time
4) in the right quality
5) in the right quantity
6) for the right price
7) with the right information
Since these are target to be delivered by logistics, logistics
must be able to manipulate or transform them, respectively.
Thus they form the core transformation dimensions. Essen-
tial flows of logistics are the flow of information and the flow
of goods [47]. [32] additionally take the flow of control into
account for their approach of logistics BO. Sometimes the
financial flow is also mentioned as essential for logistics but
can be left out. On the one hand it is not in the main focus of
logistics, and on the other hand it is implicitely contained
as it can be regarded as a kind of informational flow in
the context of online banking (even though, there may be
higher formal and security requirements). Cloud logistics is
information intensive and comprises also information-centric
(sub-)services (e.g. customs clearance, identification or track
and trace). Hence, the flow of physical goods is not always
obligatory for every service but overall objective of logistics
is still the re-allocation of physical goods. Summarizing, it
has to be mentioned that the CLSB are not re-allocating
the goods themselves but information about the physical
re-allocation and transformation has to be passed on in
order to trigger human or machines to fulfill the distinct
transformation via an API or GUI.
(3) The possible resources of the logistics domain that are
used in order to conduct the transformation are manifold.
As they form the varying points, it is appropriate to just
present a selection, that has to be customized (extended
or reduced) according to the use case. Active resources of
logistics are (with example transformations in parenthesis)
e.g. trucks (location), warehouses (time, quality), picking
systems (product, quantity), conveyors (location), sorter
(product, quantity), warehouse management systems (WMS)
and Transport Management Systems (TMS) (information),
etc. Hence, those resources are able to actively transform
the dimensions mentioned in the point before. The passive
resources of logistics systems are either of physical character
(according to the physical flow, e.g. packing, pallet, trailer,
container) or of non-physical character (according to the
informational flow, e.g. freight documents, pick lists, ware-
housing contract). The domain specific SLA are also part of
the varying point and they are case-depended and determined
in individual logistics contracts. A selection comprises lead
time, delivery rate, reliability, picking accuracy.
(4) Privacy concerns in logistics are a further research
topic for themselves, e.g. see [48], [49]. Mandatory con-
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straints comprise legal regulation [30] on e.g. securing of
cargo on means of transport [50], permission to handle
dangerous goods [51], permission to handle transport entities
that are alive. Non-mandatory constraints could be prefer-
ences or requirements of the customer, e.g. cold chain, CO2
reduced logistics, express (fastest lead time possible).
(5) As logistics is characterized by specialization and
outsourcing, the typical manipulation operators are needed,
e.g. match, merch, compose, delete, extract, disjoint, etc.
The outlined results are summarized in Figure 6. With the
final output of information, parameters of service quality
as well as the control flow, the next logistics module (if
existant) can be forwarded. The three mentioned flows
are also involved in requesting and invoking further sub-
services. Following the ideas of [24], [27] an ontology
appears to be suitable to model and describe the particular
varying points (active and passive resources) of an logistics
network. It should be based on the morphological field but
can be extended or reduced if necessary. The capabilities of
services that are created on the base of the CLSB could
be interpreted as a resource of the logistics network as
well, hence it appears usefull to collect those capabilities
in an ontology as well. As proper ontology engineering is a
challenging task, this topic is beyond the scope of the current
paper. With the CLSB flexibility can be improved as well
as simple communication and ease of use.
IV. EVALUATION OF THE LOGISTICS SERVICE
BLUEPRINT
For the evaluation the ’Framework for Evaluation in
Design Science Research’ (FEDS) of [22] is taken into
account and a quick & simple strategy is chosen, as the
product
location
invoking sub-services
pr
iv
ac
y,
 le
ga
l c
on
st
ra
in
ts
, c
us
to
m
er
re
qu
ire
m
en
ts
time
goods
information
GUI API
quality
quantity
cost
information
resources e.g. trucks, TMS, WMS
SLA e.g. lead time, picking accuracy
control
goods
information
control
Figure 6: The cloud logistics service blueprint (CLSB)
is developed by application of the cloud oriented service
blueprint to the logistics domain.
designed artifact is of small and simple construction, with
low social and technical risk and uncertainty. An illustrative
scenario [23] is chosen to evaluate the developed artifact of
CLSB. The evaluation is summative (judge the extent that
the outcomes match expectations) and located in the middle
between artificial and naturalistic: example processes of the
logistics domain from two real internationally operating
LSP are anonymized (due to privacy reasons) and they are
modeled with the help of the CLSB proofing the feasibility.
Goal is to create logistics services that could be easily
connected even though they are offered by different LSP.
This represents a realistic scenario in a logistics network
characterized by specialization and division of labor. Such a
network could be managed (planning, controlling, monitor-
ing) by a central logistics integrator.
LSP 1 offers the service ’off-loading of long-distance
truck transport’ within the network. This comprises all
physical entity movements from the truck and follows the
steps of (1) getting freight documents from the driver,
(2) identification, scanning and off-loading of package, (3)
bringing package to pallet space and (4) scanning and for-
warding protocol. The input flows are informational (freight
document: goods identification, quantity, shipper, consignee)
and physical (pallets containing goods). The control flow is
then later on added, when the logistics service is composed
with other services. The trigger signal would be the arriving
of the truck at the warehouse. The transformations aim at
the dimensions of location (truck to pallet space), time (the
process takes a certain amount of time), costs (occuring
for the provision of the service), information (state of
the BO pallet containing a certain good changes from in
transfer to in warehouse, and the location information is
changed as well). The necessary resources for this comprise
staff, forklifts, scanners, WMS (active), and pallet, freight
documents (passive). Important KPI and SLA comprise the
time consumed, the accuracy of identification of goods,
identification of pallet space and the matching of the latter
two. For the forwarding of the protocol that contains the
transformations done, electronic web services could be used
for information transmission to the logistics integrator.
LSP 2 offers the service ’order picking air’ within the
network. This comprises the steps of (1) pallet picking, (2)
scanning, (3) transportation to air packing station, (4) load-
ing aircraft container, (5) scanning, (6) transferring aircraft
container to outbound, (7) scanning. The input flows are
informational (electronic data on handheld: flight number,
start time and end time (critical due to flight schedule),
aircraft type, terminal, position (aircraft parking space), pal-
let space) and physical (aircraft containers carrying goods).
The control flow is then later on added, the trigger signal
would be of timely manner according to flight schedule.
The transformations aim at the dimensions of product (the
right products have to be collected), location (goods from
warehouse to packing station to outbound), time, quantity
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(certain amount is picked), cost, information (state of the
BO pallet from warehouse to packing, state of the BO goods
from pallet to aircraft container, state of the BO aircraft con-
tainer from packing to outbound). The necessary resources
for this comprise staff, forklift, scanner, WMS, tractor unit
(active), and pallet, loading document, aircraft container,
trolley (passive). Important KPI and SLA comprise the time
consumed, picking accuracy, throughput. Electronic services
are invoked to transfer data, identification of required aircraft
container type according to aircraft type.
The potential for cloud logistics comprises the following
aspects: (1) those two example services can be added to the
networks portfolio. Hence, both can be composed in order
to form the complex service of transshipment between road
and air transport when the pallet spaces of the both processes
are merged. (2) Due to virtualization, it is possible to e.g.
add another provider (LSP X) to the list of LSP able to
fulfill the off-loading service. Now as more LSP offer their
resources (staff, forklifts) a bottleneck in the inbound area
could be dispatched by requesting resources from LSP X.
A higher specialization is imaginable, e.g. LSP 1 focuses
on standard goods, whereas LSP X could handle dangerous
goods or offer its resources flexibly to either off-loading or
the picking for the outbound for a higher price in order to
break an upcoming bottleneck. (3) The resource list (e.g.
ontology) contains forklifts at the transshipment site that
could be provided by different LSP.
Summarizing with the connection of the both services and
the utilization of the virtualized resources cloud logistics is
enabled. To the customer of the central logistics integrator
just the transshipment is offered as a service. The operations,
resources and their providers remain transparent to the
customer. The basic characteristics of the cloud paradigm
are transferred to the logistics domain. Flexibility of resource
usage is increased, communication can be simplified and the
ease of use in planning is increased due to the logistics lego
bricks, aka CLSB.
V. CONCLUSION
The paper systematically reviewed the existing literature
and research gaps of ’cloud logistics’. The topic was concep-
tualized in order to develop a definition of the term (SQ1
is answered) and framework in order to separate it from
and simultaneously integrate it with cloud computing. The
most promising field of research is the identification and
conceptualization of standardized modules or ’lego bricks’
of logistics in order to enable cloud logistics. Existing
ideas are taken from the state of the art and integrated
with the help of several service engineering methods (SQ2
is answered) in order to develop Cloud Oriented Service
Blueprints. Those Cloud Oriented Service Blueprints are
applied to the logistics domain in order to create Cloud Lo-
gistics Service Blueprints (CLSB) as standardized modules,
shaping the foundation of cloud logistics (SQ3 is answered).
Two services from process descriptions of internationally op-
erating LSP are taken into account to evaluate the suitability
of the CLSB with a illustrative scenario in a quick & simple
strategy. The outcome - the CLSB - matches expectation of
enabling CL in terms of virtualized resources encapsulated
in services.
The systematic literature review reveals some threats to
validity: completeness (selection of database, technical lim-
itations of search functions) and reliability (bias is reduced
due to literature analysis done by all authors, but could not
be fully excluded).
Implications are rather existent for researchers by adding
to current literature on CL and, as an outllok, opening
research questions towards comprehensive virtualization of
the varying points (resources). This is complicated, as lo-
gistics network are of dynamic character. Hence, ontology
engineering (from literature and and practice) to offer a first
starting point to LSP in order to use CL is one of the next
steps.
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2.2 Executive Summary
The paper contains the conceptual basis of the landscape that facilitates the engineer-
ing of cloud logistics service. With the help of a systematic literature review, the
field of cloud logistics is analyzed, conceptualized and a first definition of the term
cloud logistics in scientific literature is given. The conceptual framework of CC is
extended towards a conceptual framework of CL and the concept of cloud logistics ser-
vice blueprints is developed. The analytical method is a systematic literature review
following Vom Brocke, Simons, Niehaves, et al. [2009]. The design approach is based
on methods of extended service blueprinting [Hara et al., 2009], domain engineering
[Czarnecki and Eisenecker, 2000] and general morphological analysis [Ritchey, 2013].
The evaluation is based on FEDS [Venable et al., 2014] complemented by ideas of Pef-
fers, Rothenberger, et al. [2012]. The paper answers RQ1 (see Section 1.2) by dividing
it into three sub-questions:
• What is the leading definition of cloud logistics?
• What are suitable service engineering methods for creating cloud oriented service
blueprints?
• What is an appropriate conceptualization of the logistics domain (description,
flows, interfaces, transformations) in order to develop Cloud Logistics Service
Blueprints for enabling cloud logistics?
The conceptualization of CL comprises the source of definition, the nature and
amount of layers as well as the virtualization and encapsulation concepts. The question
of defining cloud logistics revealed that almost all papers have based their ’definition’
on two papers, whereas one of them has based it on the other one. Further, the one
paper everything was based on did not give any particular definition of the term cloud
logistics but rather described the conceptual idea behind it. One paper included a defi-
nition in terms of pure mathematical concepts of services, resources and relations with
a high similarity to operations research. Thus, the research gap of an explicit definition
was revealed and closed. The nature and amount of layers varied, if existant, between
3 and 6. On the one hand, some publications based the layers on the IaaS - PaaS
- SaaS paradigm, whereas others used a distinction between physical - virtual - and
service. The latter one is situated closer to the core of the cloud principles with a focus
on virtualization and encapsulation of resources. The virtualization concepts found are
either on a semantic or object-oriented basis or invoke other categorization concepts.
Leading literature suggests a semantic approach as a suitable option to bridge the het-
erogeneity. Encapsulation comprises the way how final services are described, and if
an explicit service model is described, (data) interfaces are described, an XML-based
description is defined or the concept of reusable building blocks is invoked. In Addition
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to the first definition of cloud logistics, the conceptual framework of cloud computing
is extended by a domain-specific dimension and the layers of resources, capabilities and
objects in order to describe the field of cloud logistics, see Figure 2.1. Additionally,
a first concept of general cloud service blueprints is briefly outlined. With this cloud
logistics service blueprints are developed as a conceptual template for the creation of
logistics services in cloud logistics.
Services
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virtual machine
PaaS
Linux server
SaaS
WMS, TMS
LaaS / BPaaS
Logistics Service 
Blueprints
Objects OS, middleware apps, programs
business‐data,
geo‐data
goods, container, 
documents
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(logical resources)
Hosting of OS
or DB
software hosting
routing, 
track‘n‘trace
transport, 
warehousing, 
pick and pack
Resources
server, storage, 
CPU
operation
system, 
middleware
logistics apps
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knowledge
physicalinformational
Cloud LogisticsCloud Computing
virtualization
encapsulation
provision / application
Figure 2.1: The conceptual cloud logistics framework.
In terms of contribution type level (see Table 1.2) and the kind of knowledge contri-
bution (see Table 1.9), the artifacts of the paper can be characterized as follows: The
definition of the term cloud logistics as well as the conceptual framework are founda-
tional artifacts of a new field of research. Hence, the problem as well as the solution
maturity are low in both cases. Accordingly, the knowledge contributions of those ar-
tifacts are inventions. The adoption of general service blueprints to the topic of CL
constitutes an exaptation. Artifacts in a relatively new field hardly lead to a high
contribution type level [Gregor and Hevner, 2013]. Still, those artifacts can be applied
to a certain range of problems and thus are located on the second level.
This papers lays the foundation for the engineering of a cloud logistics service descrip-
tion ("service landscape") and is complemented technically by the artifact of paper #2.
The results are further used for the service granularity framework (#5), transitively
for the prototype (#6), as well as the consolidation and research roadmap (#8).
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Glöckner, Michael; Ludwig, André (2017): LoSe ODP - An Ontology Design Pattern
for Logistics Services. In: Karl Hammar, Pascal Hitzler, Adila Krisnadhi, Agnieszka
Lawrynowicz, Andrea Nuzzolese, Monika Solanki (Hg.): Advances in Ontology Design
and Patterns. 2017. Amsterdam: IOS Press, Netherlands (Studies on the Semantic
Web, 32), S. 309–324. [Glöckner and Ludwig, 2017a]
3.1 "LoSe ODP - An Ontology Design Pattern for
Logistics Services"
Table 3.1: Meta data of the publication (Landscape - Technical).
DOI 10.3233/978-1-61499-826-6-131
URL http://ontologydesignpatterns.org/wiki/images/f/fb/
WOP2016_paper_14.pdf
Type Book Chapter
Publication in Proceedings of the International Semantic Web Conference (ISWC)
2016 - Workshop on Ontology and Semantic Web Patterns (7th
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Abstract
Logistics is a service-oriented industry. Trends like outsourcing and concentration
on core competencies require logistics service provi-ders to collaborate with each
other and compose their services in order to fulfill complex customer demands.
The idea of generic logistics service building blocks helps to make composition of
logistics services more easy in general. The composition of logistics services from
different providers is a challenging task due to the semantic gap of differing word-
ings, descriptions and IT-systems. With a central ontology design pattern for
such logistics service building blocks, the semantic gap can be closed. Data and
information (of services) from different providers can be made available, linked
and interchanged easily within the network. Virtualized resources and digital-
ized collaboration are supported and the disruptive paradigm of cloud logistics is
enabled.
Keywords
ontology design pattern, logistics, service, composition, cloud logistics
0.1. Introduction
Logistics is a service-oriented industry. The logistics domain is facing the trends
of outsourcing and concentration on core competencies [17, 30] as well as digi-
talization [15]. The concentration on core competencies requires logistics service
providers (LSP) to collaborate with each other in order to fulfill complex customer
demands. With an increasing digitalization and the adoption of the cloud prin-
ciples to the logistics domain, the disruptive paradigm of cloud logistics emerges
[6, 13, 35], i.e. resource virtualization, ad-hoc reconfiguration, inter-connectability
via an ontological approach. Taken from cloud computing as well, the idea of
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reusable cloud blueprints [24] is adapted to the logistics domain in order to create
generic building blocks the are interconnectable like ’lego bricks’ [24, 35]. Nev-
ertheless, the composition of logistics services from different providers remains a
challenging task due to the semantic gap of differing wordings, descriptions and
IT-systems.
Focusing on the essential common characteristics of logistics services and their
consolidation within an ontology can help to close the semantic gap. Still, differ-
ent networks and different industries (e.g. automotive, chemistry) have different
logistics requirements. The creation of logistics service building blocks is then
dependent on semantic building blocks, so called ontology design patterns (ODP)
[27]. Hence, a reusable content ODP (CP) describing logistics services is needed.
Such a CP further supports the aspects described in cloud logistics paradigm, i.e.
virtualization of resources and their inter-connectability. The research question
arises: How can essential aspects of logistics services be represented in an ontology
design pattern? It is refined through the following sub-questions:
• SQ1: What is an appropriate ontology engineering method in order to
create reusable ODP?
• SQ2: What are existing logistics ontologies and what are essential concepts
of logistics services the could be re-used?
• SQ3: What is a suitable ontology design pattern for logistics services?
In the following section, the applied method is presented. Afterward in sec-
tion 0.3, related work is presented and the pattern is formalized and an example
usage is given. Section 0.4 concludes the paper.
0.2. Method and Structure
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Figure 1. The method combines the NeOn methodology [31] and the combined approach for
definition of ODP [27].
The applied method comprises the NeOn Methodology for Ontology Engi-
neering [31] and the combined approach of ODP definition [27], see Figure 1.
First, requirements are specified by creating competency questions. Afterward,
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concepts are searched, assessed and selected. Those concepts can be found in
existing ODP, existing logistics ontologies concepts and non-ontological concepts
of the logistics domain. By merging those concepts and extracting the essential
aspects of logistics services, the final ODP for logistics services is developed. It
is then presented in terms of conceptualization, formalization and an example
usage. The combined method presented in Figure 1 answers sub-question SQ1.
0.3. The LoSe Pattern
In the following subsections general modeling issues, the competency questions as
well as the regarded concepts are presented. Afterward, the concepts are merged,
visualized as well as informally and formally described and evaluated.
0.3.1. Ontological Modeling of the Logistics Domain
The logistics domain has not received much attention from the semantic web com-
munity yet. Some approaches of ontologies exist in literature that deal with logis-
tics topics. However, none of them can be considered linked data in terms of the
W3C-standard1 as there are no URI (Unified Resource Identifier) nor machine-
readable XML files. By now the ontologies are only available in schematic and/or
graphic way. The existing ontologies are not standardized nor inter-linkable and
thus they are customized and they can not be re-used due to proprietary formats.
Further, conceptual overlaps can be found, which also means there are concepts
significantly and frequently re-appearing in the ontologies so far. Eventually, this
paper presents the first approach towards linked data representation of logistics
service by bringing together concepts of existing ontologies and domain-specific
aspects of logistics services within one ODP.
0.3.1.1. Competency Questions
are leading the development of the pattern and are partly taken from [14, 28].
They help to evaluate the developed ODP in the end:
CQ1: Which actors are involved in providing a specific logistics service?
CQ2: Which logistics services provide a specialized capability?
CQ3: What are legal constraints that have to be considered by a composition?
CQ4: Which resources are needed in order to fulfill a logistics service?
CQ5: Which logistics services provide a specific transformation of conditions?
CQ6: Which information is required to provide logistics services adequately?
CQ7: Which LSP and transport logistics services offer a capacity of more
than 7,5 t?
1https://www.w3.org/standards/semanticweb/data
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0.3.1.2. Related ODP
In terms of reusing existing ODP, the existing time interval CP2 [26], Material
Transformation CP3 [16] and TransportPattern CP4 [36] are taken into account.
0.3.1.3. Re-Used Ontological Concepts
Main input for the analysis of existing ontologies in the context of logistics (and
supply chain management) is a literature review of Scheuermann and Leukel [29]
with a total of 16 ontologies. Via further research, another 12 paper were found
presenting ontologies of logistics or supply chain management (or parts of it).
Those ontologies were analyzed towards possible contributions to a logistics ser-
vice ODP. The adopted concepts of the influencing ontologies are briefly described
in the following list:
• A distinction into physical resources and informational resources, whereas
the latter one is occasionally further detailed into documents and informa-
tion systems, can be found in [5, 10, 19, 21, 37]. Physical resources, such
as transportation and manpower [7, 14], are abstracted to capabilities as
well as functional and unfunctional [sic] parameters [38].
• Logistics objects that are able to contain other logistics objects are de-
scribed by [8, 13, 28, 35]. They are seen as passive entities (goods or
passive resources, such as packaging or containers) that are transformed
by active entities (active resources, such as trucks or information systems).
Another paper introduces an agent that is acting on an entity with the help
of a distinct equipment [9]. From this point of view, a distinction between
active resources (acting agents) and passive resources (used equipment)
can be derived as well.
• Performance measures and logistics KPI are outlined in the publications
of [2, 8, 10, 14, 28].
• Location as a crucial aspect of logistics is emphasized by [5, 9, 28].
• Time plays a crucial role in all logistics activities [5, 34].
• Different Roles and Stakeholders are described in [2, 5, 14, 28].
• Objectives of logistics are refined into social, environmental and economic
[2].
• input and output of logistics activities are outlined and partly refined into
resources, materials and information [4]
• Policies are integrated by [34]
• distinct goods are described in the approach of [18]
0.3.1.4. Non-Ontological domain-specific Concepts
Additionally, other data models and non-ontological concepts, e.g. basic service
models and essential logistics characteristics, are taken into account in order to
create the logistics service ODP. The creation of an ODP of logistics services has
2http://www.ontologydesignpatterns.org/cp/owl/timeinterval.owl
3http://www.ontologydesignpatterns.org/wiki/Submissions:Material Transformation
4https://wiki.auckland.ac.nz/download/attachments/52016791/TransportPattern.owl
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to deal with general domain-independent service aspects as well as with domain-
specific aspects of logistics. Hoxha et al. [14] break down the model of a logistics
service to inputs and outputs as well as Preconditions and Results (i.e. condi-
tions, constraints, effects). General service definitions, such as [11, 20], emphasize
the usage of resources and the application of knowledge and skills within activi-
ties or processes in order to generate benefit for another entity or for the entity
itself. Further, the direct interaction with the receiving entity in order to solve
an existing problem is outlined. Shortly, using ones resources for the benefit of
another entity is defined as service. Hence, at least the following aspects have to
be conceptualized for the logistics domain: resources, benefits (transformation of
conditions) and interactions (input and output).
Further aspects of the logistics domain are taken into account as essential
concepts of logistics services. Basic flows of logistics comprise informational flow
and physical flow [12]. Additionally, the flow of control is taken into account as
an aspect of logistics business objects [35] within the cloud logistics paradigm.
Mentzer et al. [23] describe the 7R as the basic objectives of successful logistics
activities that aim at delivering:
1. the Right product
2. with the Right information
3. to the Right location
4. in the Right time
5. in the Right quality
6. in the Right quantity
7. for the Right price
As logistics is in charge to get those aspects ’right’, it has to possess the abil-
ity to influence those aspects. The manipulation of those aspects implies their
transformation during the logistics service with regards to the customers’ de-
mands and requirements. Further, legal constraints are important to the logistics
domain, e.g. permission to handle dangerous goods [1] or legal regulations on the
allowed period of driving and rest in road transport [32].
The analyzed ontological and non-ontological concepts of the logistics domain
form the basis for the essential concepts of logistics services and answer the second
sub-question (SQ2).
0.3.2. Merging the Concepts into the Pattern of LogisticsService
The several concepts are analyzed and the essential ones are integrated into the
ODP for logistics service5. The schematic view can be seen in Figure 2. The
pattern is formalized with OWL 2 Web Ontology Language [22] and expressed in
description logic [3].
Focus and top-level class of the current paper is LogisticsService. The pattern
of LogisticsStakeholder (light blue) is to be described in another ODP. Roughly de-
scribed, a logistics service is measured by service level agreements, has mandatory
(such as legal regulations) and non-mandatory constraints as well as certain ca-
pabilities. Stakeholders consume logistics services that consume resources. With
5https://github.com/Michael-Gloeckner/LoSe ODP
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Figure 2. Schematic view of the ontology design pattern for logistics services.
those resources they perform transformations. Flows connect them with each
other and require active resources (see axiom 1). Information and Control are
obligatory (see axiom 2). Both obligatory flows are performed by informational
resources (see axiom 3). The flow of goods is performed by physical resources
(see axiom 4). Transformations are performed by active resource (see axiom 5).
The capability of a logistics service always consists of at least one transformation
(see axiom 6). One logistics service is always capable of at least one capability
(see axiom 7). Through transitivity, the conclusion that every LogisticsService
has to incorporate at least 1 active resource can be drawn (axioms 5 - 7). Re-
sources with an active character (such as trucks, fork lifts, conveyor or sorting
machines) are able to move goods actively or to transform information actively
(such as Transport Management Systems). Resources with a passive character are
e.g. entities that contain goods (such as packaging or containers) or information
(such as documents, pick lists, contracts). Constraints that are mandatory (e.g.
laws, permissions, regulations) or of other objectives (e.g. ecological or social ob-
jectives, such as CO2-reduced) influence the logistics services. The character of a
resource can be either informational or physical (see axiom 8) and either active
or passive (see axiom 9).
The presented ODP6 is derived from existing concepts of the logistics domain
and is able to represent logistics services. Thus, SQ3 is answered.
Flow v isPerformedBy.Resource u hasCharacter.Active (1)
LogisticsService v ∀isConnectedBy.Information u ∀isConnectedBy.Control (2)
6https://github.com/Michael-Gloeckner/LoSe_ODP/blob/master/LoSe_ODP.owl
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Information unionsq Control v isPerformedBy.Resource u hasCharacter.Informational (3)
Good v isPerformedBy.Resource u hasCharacter.Physical (4)
Transformation v isPerformedBy.Resource u hasCharacter.Active (5)
Capability v 1 hasTransformation.Transformation (6)
LogisticsService v 1 hasCapability.Capability (7)
Informational ≡ ¬Physical (8)
Active ≡ ¬Passive (9)
0.3.3. Evaluation
The evaluation is conducted with the ’Framework for Evaluation in Design Science
Research’ (FEDS) of [33]. The quick & simple strategy is chosen, as the designed
artifact is of small and simple construction, with low social and technical risk and
uncertainty. The approach of an illustrative scenario [25] is taken into account
in order to evaluate the developed ODP. The evaluation is summative (judge the
extent that the outcomes match expectations) and located in the middle between
artificial and naturalistic: two anonymized (due to privacy reasons) example pro-
cesses of internationally operating LSP are represented with the help of the ODP
proofing the concept.
Example 1
LSP 1 offers the service ’off-loading of long-distance truck transport’ within the
network. This comprises the removing of all physical entity from the truck and
follows the steps of (1) getting freight documents from the driver, (2) identifica-
tion, scanning and off-loading of package, (3) bringing package to pallet space and
(4) scanning and forwarding protocol. The input flows are informational (freight
document with goods identification, quantity, shipper, consignee) and physical
(pallets containing goods). The control flow is then later on added, when the
logistics service is composed with other services. The control flow would be trig-
gered when the truck arrives at the warehouse. The transformations aim at the
dimensions of location (truck to pallet space), time (the process takes a certain
amount of time), costs (occuring for the provision of the service), information
(state of the pallet containing a certain good changes from in transfer to in ware-
house, and the location information is changed as well). The necessary active
resources for this comprise staff, forklifts, scanners (physical), warehouse man-
agement system (WMS) (informational). The passive resources comprise pallets
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(physical) and freight documents (informational)7. Important KPI and SLA com-
prise the time consumed, the accuracy of identification of goods, identification of
pallet space and the matching of the latter two.
Example 2
LSP 2 offers the service ’order picking air’ within the network. This comprises
the steps of (1) pallet picking, (2) scanning, (3) transportation to air packing
station, (4) loading aircraft container, (5) scanning, (6) transferring aircraft con-
tainer to outbound, (7) scanning. The input flows are informational (electronic
data on handheld: flight number, start time and end time (critical due to flight
schedule), aircraft type, terminal, position (aircraft parking space), pallet space)
and physical (aircraft containers, goods). The control flow is then later on added,
the trigger signal would be of timely manner according to flight schedule. The
transformations aim at the dimensions of product (the right products have to
be collected), location (goods from warehouse to packing station to outbound),
time, quantity (certain amount is picked), cost, information (state of the pallet
from warehouse to packing, state of the goods from pallet to aircraft container,
state of the aircraft container from packing to outbound). The necessary active
resources for this comprise staff, forklift, tractor unit and scanner (physical) as
well as a WMS (informational). Passive resources are pallet, aircraft container,
trolley (physical) as well as pick lists and loading document (informational). Im-
portant KPI and SLA comprise the time consumed, picking accuracy, throughput.
Electronic services are invoked to transfer data, identification of required aircraft
container type according to aircraft type.
Querying
With regards to the competency questions in section 0.3.1 the following 2 queries
are presented. The first one, allows to find a list of LSP and their services that
are able to perform the process of the first example above:
@prefix LoSe_ODP: <https://github.com/Michael-Gloeckner/LoSe_ODP#>
SELECT LogisticsStakeholder LogisticsService
FROM <https://github.com/Michael-Gloeckner/LoSe_ODP#>
WHERE {
LoSe_ODP:staff rdfs:subClassOf LoSe_ODP:Resource.
LoSe_ODP:forklifts rdfs:subClassOf LoSe_ODP:Resource.
LoSe_ODP:scanners rdfs:subClassOf LoSe_ODP:Resource.
LoSe_ODP:Resource LoSe_ODP:hasCharacter LoSe_ODP:Physical.
LoSe_ODP:Resource LoSe_ODP:isProvidedBy LoSe_ODP:LogisticsStakeholder.
}
The second query seeks to find a transportation resource (for a transformation
of a location) with a capacity higher than 7.5 t. For this example, two classes of
7Even though freight documents are physically existent as hard copies, their purpose is to
carry information. Since digitalization is an approaching issue, it is likely that such documents
will be available in the future as files or database entries only.
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trucks are introduced first and afterwards they could be queried to answer the
following competency question CQ7: ”Which LSP and transport logistics services
offer a capacity of more than 7,5 t?”
@prefix LoSe_ODP: <https://github.com/Michael-Gloeckner/LoSe_ODP#>
LoSe_ODP:Truck_40 rdf:type owl:Class ;
rdfs:subClassOf LoSe_ODP:Resource ;
LoSe_ODP:hasCapacity LoSe_ODP:Capacity ;
LoSe_ODP:Capacity LoSe_ODP:capacity 40 ;
rdfs:comment "Truck that can transport up to 40 tons."@en .
LoSe_ODP:Truck_7.5 rdf:type owl:Class ;
rdfs:subClassOf LoSe_ODP:Resource ;
LoSe_ODP:hasCapacity LoSe_ODP:Capacity ;
LoSe_ODP:Capacity LoSe_ODP:capacity 7.5 ;
rdfs:comment "Truck that can transport up to 7.5 tons."@en .
SELECT Capacity LogisticsService LogisticsStakeholder
FROM <https://github.com/Michael-Gloeckner/LoSe_ODP#>
WHERE {
LoSe_ODP:location rdfs:subClassOf LoSe_ODP:Transformation.
LoSe_ODP:Capability LoSe_ODP:hasTransformation LoSe_ODP:Transformation.
LoSe_ODP:LogisticsService LoSe_ODP:hasCapability LoSe_ODP:Capability.
LoSe_ODP:Resource LoSe_ODP:isConsumedBy LoSe_ODP:LogisticsService.
LoSe_ODP:Resource LoSe_ODP:hasCapacity LoSe_ODP:Capacity.
LoSe_ODP:Capacity LoSe_ODP:capacity >=7.5.
}
0.4. Conclusion and Future Work
The creation of a CP for logistics services holds enormous potential to support
digitalization and collaboration between various actors of the logistics service
industry in general and for the emerging cloud logistics paradigm in particu-
lar. With a derivation of all services within a network from a unique blueprint,
basic connectable lego bricks of logistics can be achieved. Hence, resources, func-
tions and capabilities can be easily virtualized, an ontological connection (with
rdfs:sameAs) between similar concepts of different LSP can be set up. Thus, the
semantic gap between LSP can be closed. The paper presents the first approach
towards an ontology design pattern for logistics services. The ODP describes the
essential concepts of logistics services. Since it forms a generic basic building
block with standardized connection points (LoSe ODP:Flow).
By enabling such a lego brick system, the paradigm of cloud logistics can be
made accessible in a more easy and convenient way to practitioners. Implications
for researchers is the first approach towards linked data in logistics. Further
research steps have to focus on further ODPs in the conctext of logistics.
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3.2 Executive Summary
The paper contains the technical basis of the landscape that facilitates the engineering
of cloud logistics service. With the help of the NeOn methodology and a literature
review, the field of ODP and other ontological sources in the context of logistics are
analyzed, existing approaches are conceptualized, merged, and the essentials of logistics
services are extracted. With those essentials, the Logistics Service Ontology Design Pat-
tern (LoSe ODP) is developed. Competency questions and some first usage examples
complement the paper. The analytical and design method is the NeOn methodology
following Suárez-Figueroa et al. [2012]. The paper answers RQ2 (see Section 1.2) by
dividing it into three sub-questions:
• What is an appropriate ontology engineering method in order to create reusable
ODP?
• What are existing logistics ontologies and what are essential concepts of logistics
services the could be re-used?
• What is a suitable ontology design pattern for logistics services?
The semantic web community has not paid much attention on the logistics domain,
yet. There are no ODP dealing with logistics issues in literature. Some approaches of
ontologies exist in literature that deal with logistics topics. However, none of them can
be considered linked data in terms of the W3C-standard 1 as there are no URI (Unified
Resource Identifier) nor machine-readable XML files. By now, the ontologies are only
available in schematic and/or graphic way. This gap is closed by the current paper.
Eventually, this paper presents the first approach towards linked data representation
of logistics services by bringing together concepts of existing ontologies and domain-
specific aspects of logistics services within one ODP, see Figure 3.1. Main aspects
that are essential to describe logistics services are the 7 Rs of logistics as the base
for the transformation dimensions of the services. Further, the consumed resources
are important for the description, connectivity, and SLAs. Resources could be either
informational or physical on the one side, and on the other either active or passive.
Another important aspect are the several flows that characterize a logistics service,
i.e. goods, information, control in order to describe the input and output of each
service. Eventually, some first application examples are given in order to have a rough
evaluation and some example queries are given in order to demonstrate how such ODP,
and the resulting ontologies that contain explicit knowledge of a logistics network, can
be used. Through reasoning and interference, implicit knowledge can be derived. This
semantic approach enables a LI to bridge existing syntactical gaps and make logistics
resources from heterogeneous LSP compatible with each other.
In terms of contribution type level (see Table 1.2) and the kind of knowledge contri-
bution (see Table 1.9), the artifact of the paper can be characterized as follows: The
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Figure 3.1: Schematic view of the ontology design pattern for logistics services.
concept of an ODP is a known solution that is adopted to a new problem field. Thus,
it can be considered as an exaptation. The LoSe ODP can be applied to a range of
problems and specialized according to special conditions of several logistics networks
and constraints, thus it can be located on the second level of contribution type.
This papers complements the conceptual foundation for the engineering of cloud
logistics service description ("service landscape") (#1) and lays the technical foundation
for a semantic approach of cloud logistics service description. The results are further
used for the prototype (#6), as well as transitively in the consolidation and research
roadmap (#8).
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Abstract. With the principle of division of labor in logistics, an inte-
grator can focus on planning and monitoring within a network, while
subsidiary logistics service providers (LSPs) are responsible for the ac-
tual physical manipulation of goods. Because of heterogeneous service
descriptions, processes and IT-systems, the integrator requires a plat-
form that provides the ability to interact with LSPs and to plan, execute
and monitor contracts for integrator’s customers. Such an integration
platform is currently developed in the research project Logistics Service
Engineering & Management. Crucial to such a platform is the ability to
maintain a complete catalog and to efficiently identify and choose appro-
priate services. In this paper a metamodel-based approach is presented
facing these requirements.
Keywords: Service Map, Metamodel, Logistics, Service Engineering and
Management, Service Repository.
1 Introduction
Logistics is the applied science on executing orders by managing physical goods
in a matter of space and time [1]. In a broader sense, it further deals with tasks
of planning, operating and monitoring the systems that create physical goods
and immaterial services. With big relevance of information exchange and au-
tomation in nowadays business also information flows grow more important in
logistics. Accordingly, flows of both, physical goods and information, need to be
considered in a comprehensive logistics system [1]. In consequence, new business
models emerged in logistics industry. Most of these business models are based on
a division of labor and of responsibility: logistics integrators (e.g. fourth party
(4PL) or lead logistics service provider (LLP)) focus on planning and monitor-
ing aspects of the flows of goods and information within a network of logistics
providers. In contrast, process execution and actual physical manipulation of
goods are realized by specialized logistics service providers (LSPs) acting as
subcontractors for the logistics integrator [2, 3]. By combining offered services of
the LSPs to composite services, the integrator is able to fulfill logistics contracts
up to entire supply chains for its customers.
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Confronted with low margins in logistics in general, an integrator has to choose
the best available option for each task of a customer request. Thus, to plan and
to operate a complex logistics service the integrator has to manage a variety
of providers, their services and finally has to integrate with at least parts of
their heterogeneous IT-systems of [1, 4, 5]. Each of the LSPs maintains its own
systems, is capable of delivering a specific set of services and owns a specific set
of resources in order to fulfill customer requests. Moreover, each LSP maintains
a unique way of describing its services, thereby emphasizing different aspects of
services and underlying concepts. To overcome this situation and to efficiently
plan and operate a logistics contract, the integrator needs a solution to uniformly
manage subsidiary providers as well as their systems and resources.
The Logistics Service Engineering & Management-platform (LSEM-platform)
[6] makes use of the service-oriented design paradigm [7, 8] which helps to over-
come some of the above aspects on a technological level. Modularization and
loose-coupling of artifacts allow for a better exchangeability and fixed contracts
allow for a more standardized way of describing interfaces in terms of necessary
inputs and resulting outputs. As mentioned above, logistics is about handling
goods and with this a service-oriented approach has to combine services from
“the real world” and services which support the flow of goods by exchanging
information between involved parties. In terms of service-oriented architectures
(SOA) there are approaches addressing these difficulties when combining phys-
ical as well as non-physical services (for examples see: [9, 10]). However, on a
more conceptual level in terms of describing the services themselves (e.g. han-
dling of diverse service definitions or consideration of mutually exclusive service
modeling approaches) further methods have to be developed.
Planning, operation and management of logistics contracts involve a multitude
of providers and their services with differing service descriptions and resources.
Thus, there is a need for a construction system which maintains a catalog of
services and the originating providers and is moreover capable of supporting
the integrator in order to efficiently identify and integrate adequate services for
composite logistics services. A first draft towards a modular construction system
for LSEM is already presented in [11] - the logistics service map (SM). It sup-
ports identification and integration of services on the LSEM-platform primarily
at the beginning of a four-phase life-cycle. The logistics SM supports service
composition in that it provides functionality for structuring, presenting and re-
trieval of services. Up to now, an appropriate metamodel for the integration of
the SM-approach in the LSEM-platform is missing.
The contribution of this paper in particular is the development of such a
metamodel for the logistics SM. The second section introduces the existing and
to be developed parts of the LSEM-platform, that have essential influence on
the metamodel. In section 3 related work is presented, compared to findings of
section 2 and thus, provides further influence on the development described in
section 4. After a critical appraisal, the paper ends with summary.
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2 Logistics Service Engineering and Management
This section introduces parts of the LSEM-platform, a service life-cycle, the the-
oretical basics of a repository and its metamodel. Further, we focus on important
characteristics of a service map concerning logistics issues. From these concepts
we derive the integration constraints and essential criteria of the SM metamodel.
2.1 Service Life-Cycle
LSEM introduces a four-phase service life-cycle which supports a consistent and
robust service development, allows for a sustainable execution and an orderly
termination of logistics services [6]:
Servitization is the initial phase for developing atomic services. This phase
includes aspects like ’analysis and design’ [7], ’identifying and modeling’ [12] or
’conceptualization and analysis’ [13]. During this stage, the logistics integrator
develops the basic services that are stored in the repository. Each LSP who wants
to participate on the platform, registers itself and publishes the services he is
capable of. Thus, this phase is not repeated on a regular base but only if new
providers join the platform or if existing providers widen their service portfolio.
The result of this phase is a set of atomic services the integrator uses to develop
composite logistics services in order to fulfill customer contracts. The main issue
here is to identify appropriate atomic services and their providers from a given
portfolio of processes and capabilities.
Development involves all activities concerning the systematic composition of
atomic services in order to fulfill customers’ needs. Hence, facets like ’develop-
ment and testing’ [7], ’publishing’ [12, 14], ’orchestration’ [14] or ’development
and testing’ [13, 14] are regarded in this phase. In specific, the phase comprises
modeling and simulation steps in order to construct and validate composite logis-
tics services. The main concerns are to retrieve needed services (atomic or already
composed) by an appropriate categorization as well as available providers, their
associated resources and offered service level agreements (SLA).
Operation covers the field of implementation and actual execution. Corre-
spondingly, aspects like ’deployment and execution’ [12, 13], ’monitoring’ [12, 14]
or ’payment processing’ [13] are contained in this field. During runtime, the in-
tegrator has to receive latest information about the current situation in its man-
aged network. This information supports the operational management and error
treatment. The main issues for this phase are the finance and accounting aspects
as well as the monitoring aspects.
Retirement addresses the functions after the actual runtime of a service. This
includes ’maintenance’ [14] and ’retirement and rebinding’ [13]. Further, a sys-
tematic performance analysis based on long-term monitoring for the evaluation
of the LSP is done. This helps assessing the subcontractors on a long-term data
base and provides an evident picture of their performance parameters for im-
proved future planning issues.
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Essential criteria, for the metamodel concept of the SM, are mainly focused
in the first two phases that maintain a structured overview on the services of the
platform, see also Fig. 1. We proceed with an overview of the influencing concepts
and components of the LSEM-platform which support service engineering in
particular and derive their impact on the metamodel.
2.2 Repository
The already mentioned service repository [15] of the platform is a crucial feature
for managing necessary services and their descriptions. In the repository all
artifacts related to services are stored and provided for platform tools in order to
define, develop or monitor logistics services. On a technical level, the repository is
a typical client-server solution. On the server side services and service models are
stored in a content repository (Java Specification Request, JSR 170) which has a
flat structure and no limitations regarding content to be added. The repository
client is implemented using Java and components from the Eclipse framework.
It allows browsing as well as synchronizing local working copies from platform
tools. On a conceptual level, the repository and related components are part of
the Service Modeling Framework (SMF) using a model-driven approach. The
framework sees to make information about services in the repository available
to the platform tools in that it interprets service models and extracts necessary
information in order to create or update other service models. As a result, SMF
provides a continuous modeling of services to platform users without the need
of repeatedly modeling the same facts. Hence, we are able to provide support
for LSEM-platform tools which are used in different phases of the life-cycle
and which are used to add or update certain aspects of services like the process
model, the interface definition or a textual description. These examples also show
why a model-driven approach is necessary in order to uniformly handle these
service aspects. They are heterogeneous in scope and in used language (modeling
language). Thus, we need an approach which is capable of handling different
types of service descriptions, i.e. models. For a more detailed explanation we
refer to [15]. At its core, SMF is based on a metamodel, called common service
model (CSM). The metamodel is kept simple and only consists of a few essential
elements and their relationships, namely services, models, model elements and
type information. With CSM we are able to interconnect models and model
elements from different models, respectively. Purpose of the CSM is to uniformly
interweave distinct service models each representing unique aspects of a service
and thus on model-level allows for a generic and modular service model.
Development of a logistics SM is thus strongly related to SMF and its model-
based concepts. Optimally, the SM also uses a model-driven approach so that
information from early phases of the life-cylce can be transparently reused in
later phases. Moreover, we emphasize the conceptual aspects of the repository as
important for the metamodel development, see also Fig. 1. We now continue with
the characteristics of the SM itself to identify further criteria for its metamodel.
4 Map - Conceptual 66
Metamodel of a Logistics Service Map 189
2.3 Service Map for Service Engineering and Management
Offering a customizable approach for a logistics integrator, the logistics SM sat-
isfies the needs for supporting the engineering and management of logistics ser-
vices. It comprises functionality of both the addressed phases of the service
life-cycle and the conceptual aspects of the repository, as shown in Fig. 1.
Repository Service Life Cycle
technical
aspects
conceptual
aspects servitization development operation retirement
Service Map
Fig. 1. Service Map addresses multiple phases and concepts in LSEM
The definition given in [11] outlines the emphasized phases by the functionality
of a modular service construction system and the regarded relations between
services. This implies the creation of atomic services (phase of servitization) that
could be composed to composite services (phase of development). The conceptual
aspects of the repository, like catalog function and the retrieval of services, are
included with the structured categorization-pattern and the modular service
construction functionality. Further, the SM includes different granularity levels
and viewpoints from basic service description up to a category overview. Fig. 2
shows a simple example instance of a SM.
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Fig. 2. Exemplary SM with two dimensions: ’classic logistics function vs. value-added’
and ’stage-specific’. Dashed arrows mark compatible services for composition.
With this approach, a logistics integrator is supported in retrieving services in
different use cases. (a) Adding a new LSP to the network and match its offered
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services to the existing set of services in a logistics network by adding the new
LSP to the provider list of the particular service. (b) Developing a new composite
service to meet a specific customer’s need by selecting and composing services
from the SM. Service-specific information and attributes can be displayed when
changing the selected granularity to a more detailed level to foster planning and
monitoring. Moreover, the unique standard of the used set of services within
a network and the visualization foster a precise mediation and communication
between all stakeholders during the whole service life-cycle. (c) Finding com-
pensational service or provider, when realizing the urgency for replanning or
elimination of errors because of unpredictable disturbance in the network.
Consequently, a SM should be a core element of a service-oriented engineering
and management platform and integrated by an appropriate metamodel due to
the heterogeneous tools, models and platforms of the subcontractors.
2.4 Logistics
Since the integrator focuses on the engineering and management of logistics
services in particular and a connection and composition of services in general
only stands to reason within a distinct field of interest, a service map is always
domain-specific. Blake [13] also proposes a domain-specific conceptualization and
analysis in his presented service life-cycle. With the multitude of LSPs in the
logistics industry [1, 4, 5] with their inherent multitude of provided services the
catalog-function is emphasized once again. Another important aspect for a SM
and the (potential) relations between the contained services are permission and
refusal of particular service interrelations. The European Agreement concerning
the International Carriage of Dangerous Goods by Road (ADR) [16] outlines a
big quantity of self-explanatory examples for this fact.
3 Related Work
In the following section we discuss yet existing metamodel and SM approaches
concerning their influence towards the parts of the LSEM-platform. After em-
phasizing the need for an appropriate metamodel, we outline approaches from
current literature. The metamodeling section below provides examples of already
present approaches which either have influence on or which are close to concepts
of our approach. The service map section discusses the complex situation of the
topic, found during literature studies.
3.1 Metamodeling
Atkinson and Ku¨hne emphasize important requirements of model-driven de-
velopment in [17] and thus, outline the capabilities of metamodeling. The most
important capabilities in our context are the following, as they take on great sig-
nificance especially in the context of logistics. Metamodeling approaches increase
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the long-term productivity of primary software artifacts by reducing their sensi-
tivity to changes. Those changes (and the resulting benefits of metamodeling in
parenthesis) could be located in the fields of personnel (ease of understanding by
different stakeholders) and functional requirements (integrating new features and
capabilities with low maintainance and without disruption) and in development
and deployment platforms (decoupling artifacts from tools with the inherent in-
teroperability). However, issues may arise in this context: Dealing with models
and metamodels may lead to multiple versions which are maintained indepen-
dently and in the worst case lead to inconsistencies. To avoid such problems spe-
cialized platforms, so called metamodel-platforms, help to increase productivity
when dealing with metamodeling issues. They offer the ability to manage meta-
models and accordant versions of conformant models and in that they also allow
versioning. The approach of [18] presents a metamodeling platform based on a
model hierarchy and is explicitly dealing with modeling methods and their es-
sential components like a modeling language, its notation, syntax and semantics,
which in turn are also relevant for designing and implementing a service repos-
itory. The approach of [19] deals with modeling enterprise architecture with a
layered strategy and therefore develops multiple, layer-specific metamodels and
integrates them into a common model.
As the logistics integrator cooperates with a large number of LSPs and cus-
tomers (personnel aspects), with a changing range of offered services and cus-
tomer demands (functional requirements) and a widespread range of IT-systems
(platforms), a metamodel hence, is an important artifact for tools that are inte-
grated on the LSEM-platform. Accordingly, the logistics SM is obliged to own
an appropriate metamodel itself. In [15] a metamodel for the integration and
transformation of differing models has already been presented, yet. Its charac-
teristics are compulsory to all integrated metamodels and subsequently to the
SM-metamodel.
3.2 Related Service Map Concepts
When dealing with the topic of service maps, three characteristics can be de-
scribed. (a) The term ’service map’ is used and also the perception of functional-
ity contains points of contact to our understanding of a SM, e.g. [20, 21, 22, 23].
(b) The term ’service map’ is used, but a different contextual understanding
is given, e.g. [24]. (c) The term ’service map’ is not used explicitly, but the
described concept contains notions similar to our context, e.g. [25].
Approaches of (a) are located in various fields. [20] provides the understanding
closest to our context. The SM is used in the financial industry to get an overview
of current portfolios to support merging and outsourcing of business models and
IT-systems. Service retrieval and the creation of atomic or tailored customer-
focused composite services is not an issue. [21] use a user-centric SM to visualize
mobile apps within a ’user needs’ categorization in order to identify ’empty’
spaces with unsatisfied needs as potential service innovation opportunities. [22]
propose a XML-based notion to enhance service structuring by establishing as-
sociation and combination operators via XML-tags. [23] introduce a mobile data
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management approach. With obtaining a detailed view of available networks and
their inherent capabilities, attributes and offered services in the surrounding of
a mobile device. However, their categorization pattern is strongly spatial-based,
but also a comprehensive overview of available services is given from which the
customer could choose its preference for specific purpose. The case (b) [24] ad-
dresses a mapping or matching, respectively, of Quality of Service (QoS)-classes.
The approach deals with data quality in heterogeneous networks consisting of
several network technologies. The goal is a mapping of performance parameters
of the different technologies. The concept of (c), the ’service portfolio manage-
ment framework’ [25] combines both service science and portfolio management.
Therefore, its purpose tends to a strategic understanding of service management
rather than providing a modular construction system to integrate a number of
subcontractors.
4 The Service Map Metamodel
The analysis of the parts of the LSEM-platform and the related work revealed
the need for developing a metamodel for the logistics SM that considers the
criteria outlined in section 2 and 3. This section now focuses the development of
a metamodel for the logistics SM.
4.1 Conceptual Design
The SM supports the categorizing and development of services. Instances of the
SM can be derived by the integrator from the metamodel to describe specific
service portfolios of a network. The advantage of a metamodeling approach is a
high abstraction that provides a high reusability in a wide range of cases and
a simple interaction between several instances. To ensure compatibility to our
research framework, the SM metamodel follows the same restrictions of SMF
like all other models (i.e. based on the EMOF (Essential Meta Object Facility)
compatible Ecore1 metametamodel of the Eclipse Foundation). Having all mod-
els defined with the same modeling language on metamodel-level, we are able to
reuse information contained in these models. Thus, the SM metamodel is also
defined in Ecore, but could be easily implemented in other frameworks as well.
The metamodel does not raise claim to completeness and is adaptable. The fol-
lowing metamodel is situated on the M2-level, whereas M0 is the original SM
(i.e. service catalog and construction system) and M1 designates a model of the
SM (e.g. Fig. 2).
Fig. 3 depicts the current version of the SM metamodel. Each instance con-
sists of exactly one catalog containing services available to the integrator on the
platform. This catalog is structured using categories which depend on a specific
domain (e.g. logistics). Thus, the catalog represents a structured list of services,
each capable of one or more capabilities. These capabilities belong to a specific
1 http://www.eclipse.org/modeling/emf/?project=emf
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Fig. 3. Ecore model version of SM metamodel
category and are restricted by the concrete domain. For instance, on a high level
capabilities represent the ability to transport, store or to fulfill more complex
composite and value adding services. In order to provide capabilities in terms of
services, a provider owns specific resources like trucks or warehouses which are
consumed during service execution but typically are available again afterwards.
Each provider is also allowed to specify zero or more service level agreements
(SLA) for its services in which it specifies constraints of service provisioning
and terms of payment. Finally, services can either depend on other services or
are restricted not to work with other services. Therefore, each service contains
references to others which are either available for the definition of a composed
service (allowedSiblings)or not (deniedSiblings).
An instance of a logistics SM thus represents a complete list of capabilities
(represented by services) of the provider network, including services the inte-
grator can provide on its own. Hence, the service map serves as a catalog of
available services. Moreover, during the creation of a complete logistics service
for a customer, the service map also serves as a unique point of information and
as a reference for searching appropriate services and providers. This becomes
apparent in the development phase in particular. During rough planning of a
logistics service, the service chain has to be constructed by choosing suitable
services. According to customers’ requirements, appropriate providers have to
be chosen for each task in the service chain. Therefore, the service map is used
to identify providers who offer the needed service type.
Because the logistics SM follows a metamodel-based approach, an integrator
also has the ability to manage multiple provider networks independently, for
instance in automotive industry. Requirements of OEMs (Original Equipment
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Manufacturer) are very strict in that they often demand closed supply chains.
Providers are not allowed to share their resources between different contracts.
For instance, an integrator responsible for warehouses with vendor managed in-
ventory (VMI) for multiple OEMs at nearby production sites is liable to provide
warehouse resources to each of the OEM exclusively, i.e. separate infrastructure
and employees. With this in mind, an integrator is still able to optimally allocate
resources if he partitions its complete network into independent parts and man-
ages each of them separately. Though, same services are in different catalogs,
the integrator is aware of the total resources available and can create an efficient
supply chain for each customer.
4.2 Discussion
The integration of interfaces as an aspect of the SM metamodel was roughly
discussed during design process. However, it forms a relevant notion, but we de-
cided to leave the topic out in the current version. Due to the CSM-functionality
of the repository (see 2.2), interweaving with other models and tools is granted.
Further a capability-centered approach was considered. When building compos-
ite services and supply chains, the inherent service function or capability is the
important object for the integrator or planer, respectively, as these functions
realize the actual flow of goods and information. On the contrary, the SOA
design-paradigm always focuses on the services themselves. Hence, with the ser-
vice class as the obligatory central component of every model and metamodel,
respectively, the service is put in the focus of attention. Consequently a unique
connection point is ensured in every case and every part of the architecture and
the related model-driven approaches. However, the developed metamodel derives
its structure and content from the example-domain of logistics, but excludes
logistics-specific aspects by incorporating them in an abstract way. Through in-
cluding a certain domain as a crucial foundation of a SM, the presented approach
is also usable in other fields of service-oriented industries.
5 Summary
In this paper we presented an approach for metamodel-based service map to be
used in logistics. In contrast to [11] important concepts and used technologies of
the logistics SM have been developed and are more elaborate. The approach is
designed to the needs of the LSEM-platform and is compatible to other tools and
concepts. Most important, the logistics SM is able to fill the gap of categorizing,
structuring and identifying available services on the platform and hence is essen-
tial in the early phases of the service life-cycle. We initially presented contraints
and related tools of the platform like the service repository and proceeded with
basic principles a service map is developed for. We also localized this approach
in the logistics domain and could thus tailor the service map to the specific needs
of a logistics integrator. Nevertheless, the approach is also applicable in other
service-oriented industries.
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4.2 Executive Summary
The paper contains the conceptual basis of the map that facilitates the management
of cloud logistics service. With the help of a literature review, the field of mapping,
categorizing, and retrieving services is analyzed, conceptualized, and a conceptual basis
is developed. With the approach of metamodeling, a concept is derived that can be
applied to a wide range of logistics networks. The analytical method is a literature
review. The design approach is based on the methods of conceptual modeling [Goos
et al., 1999] and metamodeling [Atkinson and Kühne, 2003]. The paper answers RQ3
(see Section 1.2).
The conceptualization of the management concept logistics service map comprises
the development of an approach for structuring, presenting and retrieval of logistics
services. The paper develops a metamodel for such a service map by analyzing require-
ments from functional aspects of the general service map approach, and domain-specific
aspects. The metamodel sets restrictions of the service map models in terms of one cat-
alog that contains all available services. This catalog is structured by categories. Ser-
vices comprise one or more capabilities and are offered by a (logistics service) provider
and operated based on certain resources. Another important feature is the restriction
of services not to work with or to depend on other services. Especially, in the logistics
domain special conditions, such as the handling and transport of hazardous material,
imply a number of restrictions, certifcation and thus a rigorous seperation of certain
resources or goods. The metamodel is presented in Figure 4.1
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Service
id : EString
name : EString
type : EString
Category DomainCatalog
count : EInt
ServiceMapModel
Capability
description : EString
Provider
Resource
SLA
Finance
capableOf
1..*
allowedSiblings
0..*
deniedSiblings
0..*
uses 1..*
paymentTerms
1..*
contains
0..*
dependentOn
1
structuredBy
1..*
belongsTo
1..*
restrictedBy
1
catalog
1
enables
0..*
specifies
0..*
owns 0..*
ownedBy
0..*
Fig. 3. Ecore model version of SM metamodel
category and are restricted by the concrete domain. For instance, on a high level
capabilities represent the ability to transport, store or to fulfill more complex
composite and value adding services. In order to provide capabilities in terms of
services, a provider owns specific resources like trucks or warehouses which are
consumed during service execution but typically are available again afterwards.
Each provider is also allowed to specify zero or more service level agreements
(SLA) for its services in which it specifies constraints of service provisioning
and terms of payment. Finally, services can either depend on other services or
are restricted not to work with other services. Therefore, each service contains
references to others which are either available for the definition of a composed
service (allowedSiblings)or not (deniedSiblings).
An instance of a logistics SM thus represents a complete list of capabilities
(represented by services) of the provider network, including services the inte-
grator can provide on its own. Hence, the service map serves as a catalog of
available services. Moreover, during the creation of a complete logistics service
for a customer, the service map also serves as a unique point of information and
as a reference for searching appropriate services and providers. This becomes
apparent in the development phase in particular. During rough planning of a
logistics service, the service chain has to be constructed by choosing suitable
services. According to customers’ requirements, appropriate providers have to
be chosen for each task in the service chain. Therefore, the service map is used
to identify providers who offer the needed service type.
Because the logistics SM follows a metamodel-based approach, an integrator
also has the ability to manage multiple provider networks independently, for
instance in automotive industry. Requirements of OEMs (Original Equipment
Figure 4.1: Ecore model version of the map’s conceptual metamodel.
In terms of contribution type level (see Table 1.2) and the kind of knowledge con-
tribution (see Table 1.9), the artifact of the paper can be characterized as follows:
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The developed metamodel is based on the well-known metamodeling approach. The
solution is adopted to the field of collaborative logistics and thus, the artifact is an
exaptation. The metamodel can be used in order to derive model instances for dif-
ferent purposes and parts of logistics networks. Hence, the artifact is applicable to a
range of problems and thus is located on the second level.
This paper lays the foundation for the management of cloud logistics service descrip-
tion ("service map") and is complemented technically by the artifact of paper #4. The
results are further used for the service granularity framework (#5), and transitively
for the prototype (#6), the application example (#7), as well as the consolidation and
research roadmap (#8).
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ABSTRACT
The paradigm of cloud logistics is essentially built upon the vir-
tualization of logistics resources from different logistics service
providers. The virtualized resources are pooled and can subse-
quently be combined and encapsulated within customer-specific
modular logistics services. The pooling within bigger logistics net-
works leads to a high quantity of different available logistics re-
sources and services. Domain-specific structuring with the concept
of the logistics service map helps to retrieve specific requested ser-
vices from that quantity. The structuring of resources and services is
a challenging task based on the semantic gap of differing wordings,
descriptions used by different providers. The developed ontology
design pattern for domain-specific structuring of logistics services
can help to close the semantic gap as well as to enable the concept
of the logistics service map. Structuring data and information (of
services) from different providers can be made available, linked and
interchanged easily within the network. Digitalized collaboration is
supported and the disruptive paradigm of cloud logistics is enabled.
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ontology design pattern, logistics, service map, domain structuring,
cloud logistics
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1 INTRODUCTION
The disruptive paradigm of Cloud Logistics [7, 16, 19] is based on
the virtualization and pooling of physical and non-physical lo-
gistics resources from different logistics service providers (LSP).
According to customer-specific demand, resources are taken from
the pool, are combined with each other and encapsulated within
modular cloud logistics services. This modular approach enables
the logistics industry to face the continuous trends of outsourcing
and concentration on core competencies [22, 41] in order to meet
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customers’ demand for increased flexibility [9, 40]. Further, digi-
talization of logistics, as an enabler in the context of the Internet
of Things [21], is pushed forward. The most difficult challenge of
connecting different LSP is the semantic gap because of different
structuring, naming, descriptions and IT-systems that results from
a strong heterogeneity of LSP [11, 31, 36]. Cloud logistics adopts
the basic principles of cloud computing, i.e. resource virtualization,
ad-hoc reconfiguration, and interconnect-ability, via an ontological
approach [16] in order to handle the heterogeneity.
One central challenge of cloud logistics is the management of
the large amounts of logistics services available in big networks.
This comprises on the one hand the retrieval of suitable resources
and services from several LSP that are participating in the network.
On the other hand, it comprises the customer-oriented combination
of the resources and services from several LSP in order to create
complex logistics services. The Logistics Service Map [14] is a con-
ceptual framework for domain-driven structuring of services as
well as their retrieval and combination in order to create complex
logistics services. However, the semantic gap between different LSP
exists also for the structuring of resources and services. Hence, an
ontological approach for service structuring is needed to close the
semantic gap in order to facilitate management and retrieval. How-
ever, different networks and different industries (e.g. automotive,
chemistry) have different logistics requirements and descriptions.
The structuring of cloud logistics services is dependent on semantic
building blocks, so called ontology design patterns (ODP) [12, 35],
that enable the structuring of resources from different LSP. An ODP
represents the elementary trunk of a generic ontology for a specific
purpose. It has to be extended for actual usage but gives essental
guidance for the creation and usage of an ontology in that specific
field of purpose. Next to logical or architectural ones, there are con-
tent ODP (CP) [35] that encode conceptual pattern solving design
problems for domain-related classes and properties. In summary,
a reusable (CP) for the structuring of logistics services is needed.
Such a CP further supports the aspects described in cloud logis-
tics paradigm, i.e. the pooling, encapsulation and combination of
logistics resources from several LSP. The research question arises:
How can essential structurings of logistics services be represented
in an ontology design pattern? It is refined through the following
sub-questions:
• SQ1: What are existing logistics ontologies and what are es-
sential structuring concepts of logistics services that could
be re-used?
• SQ2: What is a suitable ontology design pattern for the
structuring of logistics services?
In the course of the paper the ’NeOn Methodology for Ontology
Engineering’ [42] is applied and complemented with the approach
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Figure 1: The method combines the NeOn methodology [42] and the combined approach for definition of ODP [35].
of ODP definition [35], see Figure 1. In section 2, competency ques-
tions are presented in order to specify requirements. Afterward,
concepts are searched, assessed and selected. Those concepts can
be found in existing ODP, existing logistics ontologies’ concepts
and non-ontological concepts of the logistics domain. By merging
those concepts and extracting the essential aspects of logistics ser-
vice structuring, the final ODP is developed. The ODP for logistics
service maps is conceptualized, formalized, graphically represented
and evaluated with the help of applied service structurings from
real world use cases. Further, sample queries are given by the for-
mer competency questions. Section 3 concludes the paper and gives
an outlook on future research.
2 THE LOSEMA PATTERN
In the following subsections general modeling issues, the com-
petency questions as well as the regarded concepts are presented.
Afterward, the concepts are merged, visualized as well as informally
and formally described and evaluated.
2.1 Ontological Modeling of the Logistics
Domain’s Structuring
The logistics domain has only received little attention from the se-
mantic web community yet. In literature there are some approaches
of ontologies that deal with logistics topics. ODP in the context
of logistics and SCM in general are not existent until 2014 [39].
However, only one of them can be considered as linked data in
terms of the W3C-standard1 as there are machine-readable XML
files and URI (Unified Resource Identifier), i.e. the ontology design
pattern on logistics service (LoSe_ODP) [15]. The other ontologies
are only available in schematic and/or graphic way. The existing
ontologies are customized and thus they cannot be re-used due
to their proprietary formats. Accordingly, they are neither stan-
dardized nor inter-linkable. Further, conceptual overlaps can be
found, which also means there are concepts that are frequently re-
appearing in the ontologies so far. Eventually, this paper presents
the first approach towards linked data representation of logistics
service maps by bringing together concepts of existing ontologies
and domain-specific aspects of logistics service structuring within
one ODP.
Competency Questions are leading the development of the pattern
and are partly inspired by [15, 20, 38]. Their purpose is to give
potential users of the ODP an idea of the field and issues that can
1https://www.w3.org/standards/semanticweb/data
be approached with the help of the ODP [35, 42]. Further, they can
be taken to evaluate the developed ODP in the end:
• CQ1: Which services enable the transport of dangerous
goods on rail in southern Europe?
• CQ2: Which value-added services are available in Den-
mark?
• CQ3: Which value-added services are not available (and
thus point out new business opportunities)?
• CQ4: Where are hubs for gas handling with tanks and ship
loading possibility?
• CQ5: Where are inter-modal hubs in Germany for open sea
to rail transshipment?
• CQ6: Which services offer inbound and block storage for
packaged goods?
Related ODP which has already been published and that will be
reused is the existing LoSe_ODP2 [15].
Re-Used Ontological Concepts are mainly taken from the litera-
ture review on existing ontologies of Scheuermann and Leukel [39]
in the context of logistics (and supply chain management). They
found a total of 16 ontologies. Via further research, another 14 paper
were found presenting ontologies of logistics or supply chain man-
agement (or parts of it). Those ontologies were analyzed towards
possible contributions to a logistics service map ODP. Unexpect-
edly, the majority of the analyzed concepts only focused on services
concerning physical goods and objects. Accordingly, information-
centric services in logistics, such as inventory optimization, con-
sulting, or network strategy development, are under-represented.
The adopted classes and properties of the influencing ontologies
are conceptualized and briefly described in the following list:
• Domain-driven structuring focuses on (1) character of the
logistics function of a service, i.e. either informational or
physical [2, 15, 20, 28]; (2) on special condition implying
legal permissions or special equipment for operation [6,
13]; and (3) further dimensions that describe the physical
characteristics more detailed [2, 5, 6, 20, 25, 26]
• Within the class of special condition the idea of integrating
an ontology or another ODP, respectively, on hazardous
goods is taken from [38]. Further, as stated in [6], Cooling,
Living, Guarded, and HeavyDuty are further special con-
ditions that either require special legal permission and/or
special equipment or skills to be operated
2https://github.com/Michael-Gloeckner/LoSe_ODP/blob/master/LoSe_ODP.owl
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• The physical functionality of logistics services is regularly
distinguished between ’classic’ function, such as Trans-
portation, Handling, and Storage on the on side [2, 8, 20, 25,
26, 38]. On the other side, classic functions are more and
more complemented in terms of more specialized, more
complex and customer-oriented Value-Added functions,
such as Packing, Sorting, and SpecialServices are outlined
[6, 20, 25, 26].
• The informational functionality of logistics services com-
prise (1) ProcessRelated functionality with a rather opera-
tional focus, such as inventory management or track and
trace [6]. There are also functionality with a more strate-
gic focus, such as network strategy and inventory policy
like Just-in-Time (JIT) [2, 4]. Further, (2) Knowledge inten-
sive functionality is outlined such as transport flow im-
provement, consulting, reorganisation of network strategy,
inventory modeling, research and development [2].
• The StateOfGoods plays an important role especially for
the transport, handling, and storage. Possible classes for
distinction are: Packaged, Solid (e.g. Bulk Goods), Liquid,
and Gas [6, 33].
• The Supply-Chain operations reference (SCOR) model3
developed by the ’supply chain council’ is often the theo-
retical foundation for structuring of logistics services, e.g.
see [10, 17, 23, 27, 32, 37? ]. However, recent publications
[15, 16, 24] found a lack of suitability of the SCOR model in
terms of applicability on detailed and rather fine-granular
logistics services. Hence, a rather logistics-focused and
simplified view is adapted from SCOR in terms of PhasesOf-
Process, i.e. Production, Outbound, Transport, and Inbound,
are derived to be integrated in the ODP [20, 25].
• The ModeOfTransport is an important structuring dimen-
sion as it influences the means of transport, physical re-
sources, handling devices, infrastructure and used inter-
faces. Hence, Land, Sea, Air, and even Pipe as a mode of
transport for gas or liquids are mentioned [25, 26].
• Location as a crucial dimension of logistics servcies is em-
phasized by [2, 6, 8, 13, 25, 38].
• As time plays a more or less crucial role in all logistics
activities [6, 44], an additional dimension in terms of Speed
can be derived to distinguish Express, such as KEP Service
Providers’ services from services with Normal speed [20].
Non-Ontological domain-specific Concepts are taken into account
in order to complement the found classes and properties of the
re-used ontological concepts. This comprises other data models and
logistics concepts, e.g. generally accepted structuring frameworks
and essential logistics characteristics, in order to create the logistics
service map ODP. Additional ValueAdded service structurings are
taken from one of the biggest annual studies amongst 3rd Party
Logistics Providers [22]. ValueAdded services are in general more
complex than just handling and transportation functionality. They
have higher informational requirements as additional information
is needed for fulfillment and thus deserve an own structuring sub-
class of physical logistics functions. Those value-added services
3http://www.apics.org/apics-for-business
with a strong focus on physical operation are e.g. Labeling, Packag-
ing,Assembly, andKitting [22]. Further, other informational focused
structurings that specify ProcessRelated structurings more detailed
are e.g. Customs Brokerage and CustomsService, TransportationMan-
agementAndPlanning, FreightBillAuditingAndPayment, FleetMan-
agement, ITServices [22]. The ModeOfTransport can be further
refined for land-bound means of transport into Road and Rail as
well as for sea-bound means of transport into OpenSeaShipping and
InlandShipping, see Ref [18] and further statistics4. For the struc-
turing of storage services StorageType as well as StorageStrategy
are important criteria in order to find appropriate services [18].
Whereby, different types of storage are warehouses and facilities
for e.g. Bulk, Block, HighRack, or Tank for gas or liquid goods. Stor-
age strategy has three main principles for distinction, i.e. chaotic
or fixed for the Allocation of goods within the warehouse and the
chronology and Sequence of handling, i.e. first in - first out (FIFO)
or last in - first out (LIFO), and eventually strategies for SafetyStock
and replenishment [18]. Further, legal constraints are important to
the logistics domain, e.g. permission to handle dangerous goods
[1]. The analyzed ontological and non-ontological concepts of the
logistics domain form the basis for the essential concepts for the
structuring of logistics services within the logistics service map
and answer the second sub-question (SQ1).
2.2 Merging the Concepts into the Pattern of
LogisticsServiceMaps - LoSeMa_ODP
The several concepts are analyzed and the essentials of structuring
the logistics domain, especially logistics services, are integrated
into the ODP for logistics service maps5. The schematic view can
be seen in Figure 2. The pattern is formalized with OWL 2 Web
Ontology Language (OWL) [30] and modeled with the tool Protégé6
and expressed further detailed in description logic [3].
Focus and top-level class of the current paper is LogisticsSer-
viceMap. By linking the ODP to other ODPs, its full potential can
be utilized. The pattern of LogisticsService (light blue) is described
in the LoSe_ODP7 [15]. This pattern describes logistics services in
terms of their essential flows, capabilities as well as the consumed
resources for their operation. The link to an ODP concerning haz-
ardous materials and goods enables the detailed description and
requirement of specialized resources for handling, transport and
storage as well as the requirement for legal permissions and in-
ternationally authorized structuring scheme. The link to GeoArea
ODP, which deal with the allocation, relation and semantic descrip-
tion of geographic concepts such as cities, regions, countries, and
continents, helps to narrow down results of service retrieval for a
specific area. The extension with zipcodes and street names could
further increase the level detail.
Roughly described, logistics services are structured by the lo-
gistics service map by three main concepts, i.e. (1) Condition of
goods and customer requirements, (2) functional Character, and (3)
Dimension. Additional sub-concepts, see Figure 2 and the former
subsection, allow for an even more detailed structuring with the
4http://ec.europa.eu/transport/facts-fundings/statistics/pocketbook-2015_en
5https://github.com/Michael-Gloeckner/LoSeMa_ODP
6Protégé is the ontology building software used for LoSeMa_ODP. For more detail see:
http://protege.stanford.edu/.
7https://github.com/Michael-Gloeckner/LoSe_ODP/blob/master/LoSe_ODP.owl
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Figure 2: Schematic view of the ontology design pattern for logistics service maps.
help of several subClasses (rdfs:subSclassOf). The StateOfGoods is
an important class as it influences the Condition of logistics services,
and all the three classic physical logistics services: Transportation,
Handling (both directly) as well as Storage via the StorageType. The
implemented StorageStrategy can also be important structuring cri-
teria e.g. because of a higher informational requirement on chaotic
storage. Examples for informational logistics services are as fol-
lows; ProcessRelated services could be: customs clearance, invoicing,
incoterms broking and operative management, track and trance,
warehouse management, as well as transport management. Knowl-
edge services could be: consulting, training, IT management as well
as research&development. Examples of Financial logistics services
could be: real estate brokerage and management, insurance, leasing,
strategic incoterms management or strategic fleet management.
Several axioms are developed in order to facilitate the imple-
mentation of the pattern in practical application and use cases.
Physical Transportation always requires at least one possible Mod-
eOfTransport (Axiom 1). Physical Handling of goods requires 2
ModeOfTransport in terms of a source and a sink from where
goods are handled to (Axiom 2). Every Physical logistics service
needs to state at least one StateOfGoods it is capable of serving (Ax-
iom 3). Informational services focus on data and Physical services
focus on the operation of goods. Hence, they have to be clearly
distinct from each other (Axiom 4).
Transportation ⊑ > 1 hasModeOfTransport.ModeOfTransport
(1)
Handling ⊑ > 2 hasModeOfTransport.ModeOfTransport (2)
Physical ⊑ > 1 dependsOn.StateOfGoods (3)
Informational ≡ ¬Physical (4)
The presented ODP8 is derived from existing concepts of the lo-
gistics domain and is able to structure logistics services within the
concept of the logistics service map. Thus, SQ2 is answered.
2.3 Evaluation
The ’Framework for Evaluation in Design Science Research’ (FEDS)
developed by Venable et al. [43] is used for evaluation. The designed
ODP is of small and simple construction, with low social and tech-
nical risk and uncertainty. Hence, the quick & simple strategy is
chosen for evaluation as it appears to be relatively cheap to use
public available data of the analyzed companies. The developed
ODPwil be evaluated by an illustrative scenario [34]. The evaluation
is summative (judge the extent that the outcomes match expecta-
tions) and located in the middle between artificial and naturalistic:
two applied service structuring approaches form the use cases for
evaluation. First, the overview and structuring of services that are
available in the Port of Hamburg, which is the largest sea port in
Germany and the third largest in Europe9, are taken into account.
Further, the Servcie catalogue of DB Cargo is the second use case
for evaluation. DB Cargo is the rail-focused business segment of DB
Schenker that in turn appears to be under the top 3 global logistics
service providers10. The design goals of flexibility and re-usability
[29] are taken into account for evaluation of the designed ODP,
as they are the core ideas of cloud logistics [16] and strongly de-
manded by customers [9, 40]. The developed ODP is proved by
representing the structurings of the two use cases.
8https://github.com/Michael-Gloeckner/LoSeMa_ODP/blob/master/LoSeMa_ODP.
owl
9https://www.hafen-hamburg.de/en/statistics/top-20-container-ports
10http://www.3plogistics.com/3pl-market-info-resources/3pl-market-information/
aas-top-50-global-third-party-logistics-providers-3pls-list/
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Use Case 1 comprises Port of Hamburg’s structuring of logistics
services in the portal "PORTlog - your virtual freight village"11 in or-
der to find appropriate contacts for specific services as displayed in
Figure 3. Analyzing the structuring displayed by the PORTlog por-
tal, several parallels to the LoSeMa_ODP can be drawn. For instance,
The ’Warehousing & Logistics’ category of PORTlog comprises the
structuring classes of Transportation and Handling. Similar to the
ODP, several states of the operated goods (i.e. container, general
cargo, and bulk) as well as special conditions (temperature con-
trolled / cooling / , and dangerous cargo/hazardous materials) can
be drawn in PORTlog.
Figure 3: Screenshot from online portal PORTlog.
For the evaluation, it is assumed that the structure of PORTlog is
based on an internal ontology.With the help of ontological mapping
to the LoSeMa_ODP, the structuring can bemapped and accordingly
the services within the PORTlog can be retrieved and reasoned from
other network participants as well via querying the LoSeMa_ODP.
In OWL, mappings between ontologies and distinct classes of those
ontologies are presented by the statement owl:sameAs. Additional
parallels can be drawn and are displayed as an example in the
associating OWL-statements that follow (for a better readability,
they are presented in Turtle-Syntax):
@prefix LoSe_ODP:
<https://github.com/Michael-Gloeckner/LoSe_ODP#>
@prefix PORTlog:
<https://www.hafen-hamburg.de/en/portlog#>
LoSeMA_ODP:Transportation rdf:type owl:Class ;
owl:sameAs PORTlog:Warehousing&Logistics .
LoSeMA_ODP:Handling rdf:type owl:Class ;
owl:sameAs PORTlog:Warehousing&Logistics .
LoSeMA_ODP:Container rdf:type owl:Class ;
owl:sameAs PORTlog:Container (Depot) .
LoSeMA_ODP:Handling rdf:type owl:Class ;
owl:sameAs PORTlog:Container (CFS) .
LoSeMA_ODP:Cooling rdf:type owl:Class ;
owl:sameAs PORTlog:Temperature controlled .
LoSeMA_ODP:HazMat rdf:type owl:Class ;
11https://www.hafen-hamburg.de/en/portlog
owl:sameAs PORTlog:Dangerous Cargo .
LoSeMA_ODP:Knowlegde rdf:type owl:Class ;
owl:sameAs PORTlog:Knowledge & Consulting .
As shown as an example, the LoSeMa_ODP is able to present and
map the service structuring of the PORTlog use case. Further, it is
the inherent nature of ODP as the elementary body of a generic
ontology that it is extendible [12, 35]. Hence, even for specialized
structuring categories, such as ’Marine Services’ of PORTlog that is
typical for sea ports, new classes can be added to the ODP in order
to customize and develop it towards an applicable ontology.
Use Case 2 comprises DB Cargo’s "Service catalogue"12 as dis-
played in Figure 4. This Service catalogue structures and presents
all available services of DB Cargo provided in Germany and Europe
and thus all services are related to rail-bound freight transportation
in a broader sense.
Page 2
Content
03  Introduction
07  Planning and ordering services
08  Empty wagon provision services
09  Loading and unloading services
10  Collection and provision services
11  Provision of transport services
12  Billing and documentation 
12  Commercial services
13  Subsidiary services 
15  International services
Service catalogue
    DB Cargo
Figure 4: Screenshot of DB Cargo’s Service catalogue.
Hence, the majority of the services can be linked to the LoSeMa
classes of Physical and Rail. Parallels can be drawn for instance
between the Handling class of LoSeMa and the category of ’Loading
and unloading services’ of DB Cargo’s Service catalogue. Further,
parallels exist between several provided services of the ’subsidiary’
class of the catalogue, see Figure 5. The services ’Loading consul-
tancy’ and ’trial loading/initial loading’ can be identified with the
Consulting class of the LoSeMa. Moreover, the services ’Inspect
load size’ and ’regular wagon inspection and damage assessment in
workshops’ can be related to ValueAdded character. More specific,
the latter one can be associated with Maintenance. As Maintenance
is a sub class of ValueAdded, the linkage to the more specific one
increases precision of retrieval. The service ’Impact testing’ can
be equaled to the class of Knowledge as it can be identified as a
kind of research and knowledge creation. Eventually, ’dangerous
and military goods’ are equated with the HazMat pattern, whereas
’domain’ denotes the origin and ’range’ denotes the sink of an relat-
ing ObjectProperty. The ’Surveillance and accompanying’ can be
equated with either the Guarded class or the TrackAndTrace class of
12http://www.dbcargo.com/file/rail-deutschland-en/7946484/
_2ZqlphcADXzoG0iKgHQY14Ciuw/8799380/data/Service_catalogue.pdf
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the ODP. More detailed information about the content and context
is necessary in order to assure an appropriate link.
Page 14
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Figure 5: Screenshot of DB Cargo’s subsidiary servcies.
Agai , it is ssumed that there is an underlying internal ontology
existent for the Service catalogue of DB Cargo. Hence, again those
structures can be mapped to the designed LoSeMa_ODP via OWL
statements.
@prefix LoSe_ODP:
<https://github.com/Michael-Gloeckner/LoSe_ODP#>
@prefix DBCargo:
<http://www.dbcargo.com/rail-deutschland-en/products_
services/additional_services/Service_catalogue.html#>
LoSeMA_ODP:Handling rdf:type owl:Class ;
owl:sameAs DBCargo:LoadingAndUnloading .
LoSeMA_ODP:Consulting rdf:type owl:Class ;
owl:sameAs DBCargo:Loadingconsultancy ;
owl:sameAs DBCargo:TrialLoading .
DBCargo:InspectLoadSize rdf:type owl:Class ;
rdfs:subClassOf LoSeMA_ODP:ValueAdded .
DBCargo:RegularInspection rdf:type owl:Class ;
rdfs:subClassOf LoSeMa_ODP:Maintenance .
DBCargo:ImpactTesting rdf:type owl:Class ;
rdfs:subClassOf LoSeMa_ODP:ResearchDevelopment .
LoSeMA_ODP:isDescribedBy rdf:type owl:ObjectProperty ;
rdfs:domain DBCargo:DangerousAndMilitary ;
rdfs:range LoSeMa_ODP:HazMat .
DBCargo:Survaillance rdf:type owl:Class ;
rdfs:subClassOf LoSeMa_ODP:Guarded ;
rdfs:subClassOf LoSeMa_ODP:TrackAndTrace .
The flexibility is inherent in the approach of ODPs. The re-
usability has been shown with the help of the two use cases.
Querying is proofed with the help of the competency questions
CQ1 and CQ5 of section 2.1. They allow to find a list of services and
their operators from the service map and thus enable automated
retrieval of services from specific categories that are able to meet
the requirements of the customer:
CQ1: Which services enable the transportation of dangerous
goods on rail in southern Europe?
@prefix LoSeMa_ODP:
<https://github.com/Michael-Gloeckner/LoSeMa_ODP#>
@prefix LoSe_ODP:
<https://github.com/Michael-Gloeckner/LoSe_ODP#>
SELECT LogisticsService
FROM <https://github.com/Michael-Gloeckner/LoSeMa_ODP#>
WHERE {
LoSeMA_ODP:Physical rdfs:subClassOf
L SeMa_ODP:Transportation.
LoSeMA_ODP:Condition LoSeMa_ODP:isDescribedBy
LoSeMa_ODP:HazMat.
LoS Ma_ODP:Transportation LoSeMa_ODP:hasModeOfTransport
LoSeMa_ODP:ModeOfTransport.
LoSeMa_ODP:ModeOfTransport rdfs:subClassOf
LoSeMa_ODP:Rail.
LoSeMa_ODP:Region LoSeMa_ODP:isDescribedBy
LoSeMa_ODP:GeoArea.
GeoArea:SouthernEurope rdfs:subClassOf
LoSeMa_ODP:GeoArea.
}
CQ5: Where are inter-modal hubs in Germany for open sea to
rail transshipment?
@prefix LoSeMa_ODP:
<https://github.com/Michael-Gloeckner/LoSeMa_ODP#>
@prefix LoSe_ODP:
<https://github.com/Michael-Gloeckner/LoSe_ODP#>
SELECT Region
FROM <GeoArea#>
WHERE {
GeoArea:Germany rdfs:subClassOf
LoSeMa_ODP:GeoArea.
LoSeMa_ODP:Handling LoSeMa_ODP:hasModeOfTransport
LoSeMa_ODP:Rail.
LoSeMa_ODP:Handling LoSeMa_ODP:hasModeOfTransport
LoSeMa_ODP:Sea.
}
Main feature of the conceptual framework ’logistics service map’
is the domain-driven structuring of logistics services in order to
retrieve those services that best match the specific capability and
functionality requested by a customer. The presented queries out-
line the enabling of this feature. Summarizing, the LoSeMa_ODP
is positively evaluated to enable domain-specific structuring of
services and to be flexible and reusable.
3 CONCLUSION AND FUTUREWORK
The implementation of the cloud logistics paradigm is based on the
pooling of resources and services from heterogeneous LSP in order
to combine the resources from those different LSP. The resources are
encapsulated into modular services in order to enable the creation
of customer-specific complex logistics services. Especially, larger
networks face the challenge of the different wordings, namings and
descriptions of different LSP, which is based on their heterogeneity
and that results in a semantic gap. The solution to this in the cloud
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logistics paradigm is found in an ontological approach in general
and in ontology design pattern in particular. This semantic gap
also effects the structuring of the logistics services. Accordingly, an
ODP to support and guide the creation of ontologies focusing on
the structuring of logistics services is required.
In this paper, an ODP for the structuring of logistics services was
developed following theNeOnmethodology. The created LoSeMa_ODP
(Logistics Service Map Ontology Design Pattern) is based on a large
set of incorporated and analyzed ontological and non-ontological
approaches. The essential structuring concepts of the logistics do-
main are distilled into one ODP. Hence, the structuring can be easily
mapped and an ontological connection (with owl:sameAs) between
similar concepts of different LSP can be set up and the semantic gap
s closed. The created ODP is semantically richer than taxonomies or
thesauri. The evaluation is done according to the FEDS framework
and is based on two examples from applied structuring of big and in-
fluental logistics service providers. The ODP is positively evaluated
to meet the functional requirements of structuring and retrieval
and further to fulfill the properties of flexibility and re-usability.
The paper presents the first scientific approach towards an on-
tology design pattern for logistics service structuring. The creation
of ODP for logistics holds enormous potential to support digital-
ization and collaboration between various actors of the logistics
service industry in general and for the emerging cloud logistics
paradigm in particular. Implications for researchers is one of the
first approaches towards linked data in logistics. Further research
steps have to focus on further ODPs, such as GeoArea, HazMat, or
an ODP about roles and stakeholders in the context of logistics, in
order to extend the foundation for the ontological development of
cloud logistics.
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5.2 Executive Summary
The paper contains the technical basis of the map that facilitates the management of
cloud logistics service. With the help of the NeOn methodology and a literature review,
the field of ODP and other ontological sources in the context of logistics is analyzed,
existing approaches are conceptualized, merged, and the essentials of logistics service
structuring are extracted. With those essentials, the Logistics Service Map Ontology
Design Pattern (LoSeMa ODP) is developed. Competency questions and some first
usage examples complement the paper. The analytical and design method is NeOn
methodology following Suárez-Figueroa et al. [2012]. The paper answers RQ4 (see
Section 1.2) by dividing it into two sub-questions:
• What are existing logistics ontologies and what are essential structuring concepts
of logistics services that could be re-used?
• What is a suitable ontology design pattern for the structuring of logistics services?
The semantic web community has not paid much attention on the logistics domain
yet. The LoSe ODP [Glöckner and Ludwig, 2017a] is the only existing ODP in lit-
erature dealing with logistics issues. There are some other approaches of logistics
ontologies in literature. Only the LoSe ODP can be considered linked data in terms
of the W3C-standard 1. The gap of an ODP concerning the structuring of logistics
services is closed by the current paper, see Figure 5.1.
Main aspects of structuring in logistics service maps are domain-specific dimensions,
such as regions of service provision, speed of provision, and the phase of the process
(production, outbound, transportation, and inbound). The characteristic of service,
which could be either informational or physical, is another essential structuring crite-
rion. Furthermore, special conditions that demand special skills and legal authorization
(e.g. cooling chain, or hazardous materials) are an important criterion for structur-
ing of logistics services. The essential structuring concepts of the logistics domain are
distilled into one ODP. Hence, the structuring can easily be mapped and an ontolog-
ical connection (with owl:sameAs) between similar concepts of different LSP or the
establishment of subclasses can be set up and the semantic gap is closed. By reasoning
and interference, implicit knowledge can be derived. This semantic approach enables
a LI to bridge existing syntactical gaps and make logistics resource structurings from
heterogeneous LSP compatible with each other. The evaluation is done according to
the FEDS framework [Venable et al., 2014] and is based on two examples from applied
structuring of big and influental LSPs. The ODP is positively evaluated to meet the
functional requirements of structuring and retrieval and further to fulfill the properties
of flexibility and re-usability.
In terms of contribution type level (see Table 1.2) and the kind of knowledge contri-
bution (see Table 1.9), the artifact of the paper can be characterized as follows: The
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Figure 5.1: Schematic view of the ontology design pattern for logistics service maps.
concept of an ODP is a known solution that is adopted to a new problem field. Thus,
it can be considered an exaptation. The LoSeMa ODP can be applied to a range of
problems and specialized according to special conditions of several logistics networks
and constraints, thus it can be located on the second level of contribution type.
This papers complements the conceptual foundation for the management of cloud
logistics service structuring ("service map") (#3) and lays the technical foundation
for a semantic approach of cloud logistics service structuring. The results are further
used for the prototype (#6), as well as transitively in the consolidation and research
roadmap (#8).
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Abstract
With an ongoing division of labor and concentration on core competencies in logistics, the flexibility
and quality in logistics services can be increased in terms of contracting specialists for each step in a
supply chain. In order to participate in such an environment and act successfully on the market, it is
essential for logistics service providers to follow a service oriented paradigm and modularize their service
portfolio from static end-to-end solutions to a flexible set of modular services. One of the main challenges
is to find a ’suitable’ level of granularity for the modularization of existing logistics services. In this
paper a conceptual framework of service granularity levels is developed. A systematic literature review
is conducted in order to find existing concepts of service granularity. Findings are analyzed and finally
synthesized towards their suitability for logistics services. Domain specific composition is supported by
the logistics service map concept that contains catalog and construction kit for modular services. The
paper’s contribution is a Service Granularity Framework dedicated to specialized scholars of service
science and practitioners of logistics.
Keywords: Service, Granularity, Framework, Logistics, Literature Review.
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1 Introduction
The service based industry logistics (Gudehus and Kotzab, 2012) is facing the trends outsourcing, division
of labor, and concentration on core competencies (Langley and Long, 2015). The expected benefits are
a higher flexibility (Solakivi, Töyli, and Ojala, 2013) due to interchangeable stakeholders, and a higher
quality from specialists for every task of a supply chain (Wilding and Juriado, 2004). The adoption of
a service-oriented paradigm (as desribed by Erl (2008)) can lead to an increased performance (Kumar,
Dakshinamoorthy, and Krishnan, 2007) of logistics service providers (LSP), in order to remain competitive
and to participate successfully on such a flexible and service oriented market. Accordingly, services must
be of modular character as this paradigm is based on encapsulation, composability, loose coupling, and
reusability (Erl, 2008). Hence, modularization of their service portfolio from static end-to-end solutions
to a flexible set of modular services is essential for LSP. Service modularity promises to achieve other
benefits alongside increased flexibility in terms of cost and time reduction in planning and operation,
and enhancing customer satisfaction by customized solutions while improving the efficiency of service
systems (Blok et al., 2010; Meyer and DeTore, 2001; Voss and Hsuan, 2009).
Two major challenges arise in the context of service modularization. First, in order to have modular
services for composition, it is necessary to decompose existing process portfolios and descriptions in
advance. The extend of decomposition is a demanding issue. The challenge is to find the ’suitable’ set of
granularity levels for the modularization due to the trade-off between re-useability and (de-)composition
effort (Steghuis, 2006). Hence, such a set is not depending on a particular number of levels. Rather the
characteristics of the granularity levels - and the contained services - are of importance. Literature provides
a number of papers and viewpoints concerning service granularity. In general service granularity can be
defined as the scope of functionality exposed by a service (Papazoglou and van Heuvel, 2006), but a useful
conceptualization of service granularity is missing as shown in the literature review of this paper. Second,
evidence for the logistics domain is missing as well, thus, a further challenge is to extent the results and
concepts of service granularity with both theoretical and empirical insights of the logistics domain. Finally,
application and testing is provided by the logistics service map, an approach that combines a catalog and
a construction system for modular logistics services. The paper’s contribution is a service granularity
framework for service oriented industries, such as logistics. Following the paper classification of Wieringa
et al. (2006) the paper is a combination of ’proposal of solution’ and ’evaluation research’ as a novel
framework for (de-)composition is proposed and applied to a problem domain. The paper’s goal is to
foster a granularity-driven delineation and description of services by answering the question: "What is
the ’right’ set of granularity levels for modular logistics services?" with the following particular research
questions (and the used methods in parenthesis):
1. How can service granularity in existing literature be conceptualized? How can the concepts be
consolidated within one single framework? (method: systematic literature review)
2. How can such a framework be applied to the logistics domain in order to improve handling service
granularity of logistics networks? (method: conceptual modeling based on logistics service map)
After briefly introducing the reader to service modularity in section 2, the conducted systematic literature
review is described and presented in section 3. Section 4 consolidates the concepts and presents the service
granularity framework. In section 5 the framework is applied to the logistics domain. Section 6 concludes
the paper and gives implications, threads to validity and an outlook on future research.
2 Background of Service Modularity
Service Granularity is an essential subtopic of service modularity. Hence, a brief introduction is given.
Service modularity has been the focus of extensive research recently conducted by Dörbecker and
Böhmann. They comprehensively describe concept, effects, measurements and design principles of
service modularity. In two literature reviews they analyzed the concept and effects (Dörbecker and
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Böhmann, 2013) as well as related measurement approaches (Dörbecker, Tokar, and Böhmann, 2015)
of service modularity. Results show the origin of the modularity concept in other contexts (i.e. products,
networks and software, (Baldwin and Clark, 2000; Schilling, 2000; Ulrich, 1994)) with several effects
(e.g. cost reduction, customization, flexibility, re-design/re-usability or standardization (Blok et al., 2010;
Meyer and DeTore, 2001; Voss and Hsuan, 2009)). Even though logistics is example domain of some
papers (see Dörbecker and Böhmann (2013)), no domain-specific aspects are included in the results.
Further, they present a Framework for Service Modularization (Dörbecker, Böhm, and Böhmann, 2015),
which they refine and extend by taking empirical experiences into account (Dörbecker and Böhmann,
2015). The first version of the framework consists of the phases of (1) element analysis, (2) module
design and (3) architecture design. In order to focus on the inherent granularity problem and to make
the approach more efficient, the pre-phase of ’framework calibration’ is added in the extended version,
i.e. first rough guidelines are set in order to reduce analysis and design efforts in the actual method.
Essence is to work on a more abstract level forward and backward through the modularization phases
and their input: (1) elements, (2) inter-dependencies, and (3) modules, with regards to goal-orientation
of the architecture. The resulting points of orientation help to reduce efforts of modularization by only
focusing on relevant elements, inter-dependencies and modules for a certain architecture. Those decicions
in advance are influenced by the expected benefits and the resulting narrowed analysis objective. But still,
a conceptualization of distinct granularity levels is missing.
With the extension of their approach, Dörbecker and Böhmann tackle the granularity problem in service
modularization in terms of putting effort into preliminary considerations in order to reduce the effort during
actual modularization phases. By defining decision points and guiding questions for crucial phases of
modularization, they support the process but still leave a (too) high degree of freedom. A conceptualization
of service granularity is missing and thus, focus of the following sections.
3 Systematic Literature Review
The method, which has been used to get a comprehensive overview of theoretical aspects and existing
concepts of service granularity, follows the systematic literature review proposed by Vom Brocke et al.
(2009). Figure 1 shows the methodological approach and its setup in the paper. After setting the research
scope and describing the review incorporating the taxonomy of Cooper, the topic is conceptualized.
Afterwards, the search itself, and the analysis and synthesis are presented. The used databases, keywords
and exclusion criteria are described thoroughly in order to enable reproducibility and to ensure rigor,
completeness and thoroughness of findings and to encourage other researchers to reuse the findings.
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Papers
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Figure 1. The systematic literature review approach following Vom Brocke et al. (2009).
3.1 Review Scope
The research scope of the review is to collect and analyze theoretical aspects and concepts of service
granularity as already outlined by the first research question in the introduction. The conducted review
can be described by the taxonomy of Cooper (1988) depicted in Figure 2. The literature review in this
article (1) focuses on existing research outcomes in the field of service granularity. (2) goal is to integrate
the resulting findings with requirements of the logistics domain. The (3) organization of the review is
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conceptual, as concepts and their comparison and interpretation are investigated. Neither a historical
development over time nor the methodological aspects and foundations are investigated. (4) Neutral
perspective is taken. Results of the study are presented to (5) audience of specialized scholars in the field
of Information Systems in general and service oriented architectures in particular. Further, practitioners in
the field of service management in general and logistics in particular are addressed. Due to a limitation on
a handful of literature databases, (6) coverage can be described as representative.
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(Robson 2011) exploratory confirmatory descriptive explanatory improving 
granularity 
(Yin 2014) holistic embedded 
selection variant 
(Flyvberg 2006) extreme maximum variation critical paradigmatic 
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(Baxter and Jack 2008) 
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building 
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(1) focus research outcomes research methods theories applications 
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(6) coverage exhaustive exhaustive and selective representative central / pivotal 
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Figure 2. Taxonomy of literature reviews (Cooper, 1988) and appropriate categories marked grey.
3.2 Conceptualization of Topic
The conceptualization of service granularity within the systematic literature review is an iterative process.
The concept of service granularity evolves step by step from new insights unfolding by ongoing analysis
of literature. Particularly of interest is the question of how to perceive granularity of services and by
which distinct aspects service granularity can be defined and influenced. Objective is to derive a service
granularity framework to give guidance to researchers and practitioners in granularity issues. This helps
developing services in order to decide if further composition or decomposition is needed for services on
particular levels with particular characteristics. Approaches, insights and concepts proposed by several
authors are taken into account and synthesized for conceptualization. The generic definition of Papazoglou
and van Heuvel (2006) is considered working definition and starting point: service granularity is the
scope of functionality exposed by a service. The final concept of service granularity and the developed
framework can be found in section 4 after the presentation of analysis.
3.3 Literature Search
The systematic literature review focuses on Service Granularity (SG). Databases are selected considering
the criteria discussed by Dieste, Grimán, and Juristo (2009): content regularly updated, availability, quality
of results. In order to ensure high quality, criteria are taking databases into account that are mostly
journal-focused (e.g. science direct, web of science, springerlink, emerald) as they are likely to appear
to be of higher quality than conference proceedings (Levy and Ellis, 2006). Only full research papers
published within the time frame from 2000 to the present and in English language are considered. 130
papers are found (access date: 09.11.2015). The searched databases, the exact search terms and the
related amount of papers found, analyzed, and categorized can be found in Table 1. During analysis,
further citations appeared to be of interest where 9 more papers are selected from (forward and backward
search). The total number of papers analyzed is 139. Papers are sorted exclusively to only one of the
three categories. Criteria of category (1) - and thus exclusion criteria - are either papers that just mention
SG as an ’important aspect’ without giving a detailed description OR do not mention SG at all OR are
duplicates. Consequently, 118 papers are sorted out completely. Category (2) comprises papers that reveal
a more detailed description of SG and hence, help to build a deeper understanding of influencing aspects
("detailed description"). This category involves 10 papers. Finally, category (3) contains 11 paper with a
strong influence on the perception of service granularity for the final results. They contribute information
to the conceptualization and add value to answering the first research question ("granularity conception").
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Table 1. Used databases, search terms, and amounts of papers sorted out or considered.
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total search term "service granularity"
science direct 48 0 2 50 title OR all fields
http://www.sciencedirect.com/
web of science 10 2 0 12 title OR publication name OR topic
http://apps.webofknowledge.com/
Springerlink 53 6 2 61 exact phrase +* title
http://link.springer.com/ *it is not clear whether fields are combined by logical AND or OR
Emerald 7 0 0 7 anywhere OR title OR keywords OR abstract
http://www.emeraldinsight.com/
other 0 2 7 9 forward and backward search
total 118 10 11 139
3.4 Analysis
The 21 not excluded papers are briefly introduced and described in the following 2 subsections. The 10
papers of category 2 are presented in 3.4.1 and the 11 papers of category 3 are introduced in 3.4.2.
3.4.1 Detailed Description (category 2)
The majority of articles examined discusses service granularity in a general abstract way. Commonly
described is the essential trade-off between fine-grained services (increased network traffic, more difficult
handling of errors, difficult service governance) and coarse-grained services (lower re-usability, more
complex maintainability, higher likelihood of redundancy), see e.g. Kulkarni and Dwivedi (2008) and
Steghuis (2006). Conclusion of those cases advice a balance between level of abstraction, likelihood of
change, complexity of the service, and the desired level of cohesion and coupling.
Some other articles present measurements to compare granularity e.g. quantified as a combination of the
number of components/services invoked, number of resources’ state changes, (Bianchini et al. (2014),
Feuerlicht (2011), Katzmarzik (2011), and Sindhgatta, Sengupta, and Ponnalagu (2009)). This makes
granularity measurable, but still leaves room for interpretation and does not enable the decision for
distinct characteristic levels. As well, automatic service identification (e.g. with the help of clustering,
multi-objective particle swarm optimization) enables the change of granularity of services/tasks/ etc. but
still those approaches do not provide guidance for the ’right’ distinct granularity (e.g. CHATLA et al.
(2011), Kim and Doh (2009), and Wang and Z. Li (2014)). Further, use cases are presented (e.g. Feuerlicht
(2007)) bringing granularity into business case study context and solving one specific problem, but lack in
generalization of the solution and deriving advice and guidance for a broader field of application (e.g. for
a certain domain) on how to organize service granularity on distinct levels.
3.4.2 Granularity conception (category 3)
Erradi, Kulkarni, and Maheshwari (2007) introduce a ’service oriented decomposition process’ with
two iterative steps (1) service identification and (2) service granularity. During service identification a
meet-in-the-middle approach is used to match services resulting from existing IT applications (bottom-up)
with services decomposed from business processes (top-down) to business activities. The mapping is
done on a (not explicitly named) level, where the granularity of IT-services is similar to the granularity of
business activities. Their intersection contains ’fulfilled’ services. ’Additional’ services contain the IT
functionality that is not yet matched to a specific business requirement and thus, has to be re-evaluated
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towards either retirement or extension of business service portfolio. Services from business processes
that are not matched by any of the application functionality are named ’unmet’ services and reveal gaps
of IT services that require new development. Concerning service granularity, services exposed to other
systems should be adequately generic for a higher degree of reuse by several processes and/or users,
while they should provide operations that correspond to business functions. Further emphasized is a
canonical schema that is essential to enable a consistent representation of key business entities and to
reduce syntactic and semantic mapping overheads between services. Moreover, Erradi et al. recommend
service metadata management in order to support governance and identification of services based on
business function.
Galster and Bucherer (2008) introduce the Business-Goal-Service-Capability Graph for alignment of
business requirements and services. Business features are derived top-down from top-level business goals.
These business features are to be matched 1:1 with service features that consist of service capabilities,
which further consist of top level services. Summarizing, they introduce a 7-level hierarchy reaching from
strategic goals down to basic services. The most interesting point is the combination of two different
characteristics - i.e. 3 requirement-layers (problem domain) and 3 service-layers (solution domain) - via a
common level of abstraction (level 4 in the middle), i.e. a connecting mapping level that enables a 1:1
connection between both domains (problem and solution). Hence, business requirements and services are
aligned. The levels can be refined internally, but characteristics of the contained entities remain the same.
There are criteria for the levels on both side next to the connection layer, i.e. business features shall be
measurable and service features shall be comparable to those business features. Ma et al. (2009) propose
an approach of 3 Levels for internal use as well that comprises (top-down) service, activity, and operation.
The meet-in-the-middle approaches are also emphasized by Huergo et al. (2014) to be more complete as
they evaluate models from the highest level to the most detailed one. Furthermore, a distinction is made
between granularity in service hierarchy and in service types. Combined with the measures of service
width and depth introduced by Heinrich and Zimmermann (2012), two orthogonal dimensions of service
granularity can be derived.
The stop criterion for the top-down decomposition should be chosen after Granell, Díaz, and Gould
(2010), when a given process is specific and yet functional enough to not to be split again, since a
further division would not make sense. Haesen et al. (2008) argue from a bottom-up and business value
perspective that the composition of multiple fine-grained services causes more overhead in general for
the consumer. Further, the properties of fine-grained services are characterized as significantly hindering
cross-enterprise integration by Papazoglou and van Heuvel (2006). Also Haesen et al. (2008) mention
that services with rich functionality are easier to be used and have higher reuse efficiency because of the
larger contribution to business processes. Hence, companies try to bundle multiple services into packages
offered to consumers with increased business value granularity. Hence, some services have a characteristic
for internal use, while other (more coarse-grained) services are meant to be useful to customers and thus,
bear a more external characteristic.
Cai et al. (2014) present a multi-granularity space in the context of multi-tenancy in SaaS. They state "it is
necessary to build hierarchy relationships among services of different granularity to response to tenants’
multi-granularity requirements". Hence, the idea of a hierarchy of different granularity levels arises.
A further interesting finding is the approach of J. Liu et al. (2015). While granularity characteristics of other
authors analyzed mainly focus on an either horizontal or vertical granularity, they divide granularity into
four categories: atomic service, and service of either process, goal or role granularity. So this approach can
be seen on a high abstract level able to cover a horizontal granularity (process) and a vertical/hierarchical
granularity (role) and also the goal-oriented approach of Galster and Bucherer (2008).
The big amount of papers being sorted out during analysis possibly results from the difficulty of finding the
’right’ granularity and the discussed demanding trade offs. Thus, it seems authors don’t want to commit to
specific details. But as the example of Dörbecker and Böhmann (2015) shows, a certain predefintion and
determination in advance can help giving guidance, reduce effort, and thus foster service granularity.
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3.4.3 Discussion
Summarizing the papers of category 2, the majority of the existing approaches perceives service granularity
as the simple amount of functions being bundled by a service isolated from affected aspects and context.
Contributions towards a substantial contemplation concerning different roles and perspectives, business
contexts, and the resulting consequences are rare. Summarizing the papers of category 3, the existing
body of literature towards service granularity concepts is extracted and presented. Consequently, the
first part of the first research question is answered: There is no comprehensive concept of service
granularity. Nevertheless, papers of category 3 reveal first concepts, that are to be taken into account for
the development of a service granularity framework. None of the 21 papers set their focus on the logistics
domain.
Key aspects analyzed are the concepts, definition and distinction of vertical and the horizontal granularity.
Heinrich and Zimmermann (2012) propose a metric for measuring the granularity of IT services. In fact,
they discuss a width metric and a depth metric and combinations of them for measuring service granularity.
Taking this into account, it is appropriate to distinguish between a horizontal granularity for service on
the same level (referring to and measured by the width) as well as a vertical granularity for services on
different levels (referring to and measured by the depth). Huergo et al. (2014) describe this as granularity
in service hierarchy (vertical) and service types (horizontal).
Haesen et al. (2008) describe different service types that are to be considered in a comprehensive
framework, i.e. data granularity (input or output), functionality granularity (default or parametrized), and
business value granularity.
Another influencing aspect is the overall perspective. Either choosing a top-down, a bottom-up or a
hybrid meet-in-the-middle perspective (Erl, 2008; Huergo et al., 2014) of design and composition or
decomposition is analyzed and finally related to the granularity. The perspective includes also a distinction
of granularity for different stakeholders and their individual perception. Galster and Bucherer (2008)
inspire with their idea of a common level of abstraction between two different stakeholders and a quantity
of 3 levels for each stakeholder. The canonical schema as well as the service metadata management
(following Erradi, Kulkarni, and Maheshwari (2007)) can be implemented on the common level of
abstraction.
4 Synthesis - Conceptualization of Service Granularity
4.1 Horizontal vs. Vertical Granularity
When focusing on granularity, the term ’provider’ and its perception is of high importance. It has to be
emphasized that the term provider is in the current context explicitly not equal to organizational borders.
It is more likely to be an abstraction and can also refer to one of several departments within a company, a
group of firms, a network, or something in between.
Composition of services of one stakeholder or service provider (i.e. provider-internal) is defined as
horizontal granularity. The number of bundled functions increases, thus the granularity is increasing.
Within the horizontal granularity, a further distinction can be made by applying the definition of different
service types, i.e. data granularity (input or output), functionality granularity (default or parametrized),
and business value granularity.
The integration of services into composite services of other stakeholders (i.e. cross-organizational) is
defined as vertical granularity. The granularity increases with the number of bundled functions. But,
now characteristics and requirements change, as more stakeholders are involved. In contrast to the
horizontal granularity, which aims at internal service composition, the vertical granularity focuses on
hierarchical integration with other stakeholders. Thus, special emphasize is put on cross-organizational
service composition, which results in characteristics of internal and external views on services.
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4.2 The Service Granularity Framework
The concept of horizontal and vertical granularity is the main input of the conceptualization. The Service
Granulareity Framework with three different provider levels (Top, Middle, Bottom) and a virtual common-
mapping-level between different providers is introduced. Each level is defined by its dimensional focus
(vertical or horizontal), its purpose and the characteristics of the contained elements.
The provider levels are defined as follows:
• Top: the top-level has a clear dimensional focus on vertical granularity. Its main purpose is the external
representation of internal (composite) services, and the offering and connection of services to the
next upward provider in the hierarchy. If no further upward provider exists, this level contains all
composite services and functionality available in a service oriented environment or network. In this
case, the next upward connection possibility is the end consumer of a service. The characteristics of
the services contained in this level must comply with the common standards set in accordance with
the upward provider by the next upward common-mapping-level (if existent) or in accordance with
the demand of the end consumer.
• Middle: the middle-level has a clear dimensional focus on horizontal granularity. Its main purpose is
the internal composition of atomic services (that may be invoked from external providers) in order to
create composite services that meet the demand of external providers or end consumers. Granularity
is not restricted on this level. Internal services can be composed or decomposed in a hierarchy of a
multitude of (sub-)levels. The characteristics of the services contained in this level must comply with
the provider-internal standards.
• Bottom: the bottom-level has a clear dimensional focus on vertical granularity. Its main purpose is
the external representation of internal atomic services to a provider on next lower hierarchical level,
and the demand and invocation of services from the next downward provider in the hierarchy. If no
further downward provider exists, this level contains the most basic services and functionality of a
service oriented environment. The characteristics of the services contained in this level must comply
with the common standards set in accordance with the downward provider by the next downward
common-mapping-level (if existent).
The common-mapping-level is defined as follows:
• Common Mapping: the common-mapping-level has a clear dimensional focus on vertical granularity.
Its main purpose is the connection of two providers. It is situated between two providers, connecting
the upward provider’s bottom-level with the downward provider’s top-level. It contains the commonly
shared service standard (e.g. description, interfaces, etc.). The common-mapping-level is of virtual
nature, as it does not contain services. Composition on this level is not allowed. It enables only 1:1
connections between two providers. It can be either created by the collaboration of two providers or
(pre-)specified by a third party or service system. The characteristics of the elements (not services!)
contained in this level set the common standards in accordance with the downward provider’s top-
level and the upward provider’s bottom-level. The canonical schema as well as the service metadata
management of a service network can be implemented on such a level.
With the given definitions, service systems and their inherent granularity can be conceptualized. Figure 3
illustrates the metamodel of the conceptual framework with its elements (levels and types of service
granularity), and their relations. Multi-hierarchy is possible as after each three provider levels a new
common-mapping-level - and thus, a further hierarchy level - can be established (see Figure 4). The
total number of levels (nl) can be calculated in dependancy of the number of provider-hierarchies x with
the formular nl = x ∗ 3+(x− 1) with 3 ∗ x provider levels per provider-hierarchy and x− 1 common-
mapping-levels between each 2 different provider-hierarchies. Hence, even complex service systems can
be described and conceptual scalability is possible. There’s no explicit starting point, hence a meet-in-the-
middle approach is possible for (de-)composition. As the framework connects several existing concepts it
is able to describe the existing approaches comprehensively and interrelate them (see discussion in 3.4.3).
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Figure 3. Conceptual framework of service granularity (types of granularity from Haesen et al. (2008)).
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Figure 4. Resulting generic bundle of conceptual service granularity levels for each provider.
5 Application in Logistics
In the following section the developed Service Granularity Framework is applied to the logistics domain.
This creates a proof of concept and gives advice for practitioners on how to tailor the service granularity
framework to a logistics service network. After briefly introducing the requirements of the logistics domain,
the logistics service map is presented as a concept for management and engineering of modular services
in logistics. Finally, the framework is applied to a generic example of a logistics network consisting of a
logistics integrator and several LSP.
5.1 Requirements of Modular Services in the Logistics Domain
Domain-related requirements are included to ensure suitability of the application to the logistics domain.
With an ever increasing cost reduction in outsourced logistics (Langley and Long, 2015), LSP are facing
an increased economic competition. Thus, their privacy concerns are on a high level (C. Liu, Q. Li, and
Zhao, 2009) e.g. regarding their price politics. Further to pricing aspects, importance of information and
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know-how is emphasized. They are either proprietary and for internal use only or information and aspects
are externally shown and provided to customers and/or collaboration partners in a cross-organizational
business collaboration, e.g. see Norta et al. (2015). Furthermore, services are, firstly, characterized by
the inclusion of external resources and know-how and an intensive contact to as well as integration of
customers (Hipp and Grupp, 2005). Secondly, logistics networks are of dynamic character, as the loosely
coupled LSP work together in a flexible way on demand (Solakivi, Töyli, and Ojala, 2013). Hence, the
urgency of collaboration arises in order to maintain competitiveness and to participate successfully on
such a customer oriented service market. Common communication is necessary within a network in order
to increase efficiency of collaboration, visibility of available services in the network, and to increase
value cocreation (Rai et al., 2012). At the very top-level, the whole portfolio of services available in the
network has to be presented, as described in the approach of Kohlborn et al. (2009). Retrieval of atomic
services and the related operating LSP (bottom-up) as well as recognition in case a specific function
required by the customer is not available in the network (top-down): both capabilities are essential when
creating composite services and demand for an alignment between top-level service portfolio and basic
logistics function available in the network. Hence, a meet-in-the-middle approach is suitable. Summarizing,
granularity issues in logistics have to consider different perspectives, internal and external aspects, as well
as collaboration and privacy concerns.
5.2 Logistics Service Map
Offering a customizable approach for a logistics integrator, the logistics service map (Glöckner and
Ludwig, 2013) satisfies the needs for supporting engineering and management of logistics services. This
implies the creation of atomic services that can be composed to composite services. The conceptual
aspects, like catalog function and the retrieval of services, are included with the structured categorization-
pattern and the modular service construction functionality. Further, the service map postulates different
granularity levels and viewpoints from basic service description up to a category overview. However,
a more detailed description of the different granularity levels (number and characteristics) is missing.
Fig. 5 shows a screenshot of the service map prototype. In the upper right, services can be chosen from
the catalog and put into the editor in the lower right via drag-and-drop. Service-specific information
and attributes can be displayed when changing the selected granularity to a more detailed level to foster
planning and monitoring. Moreover, the unique standard of the available set of services within a network
and the visualization foster a precise mediation and communication between all stakeholders during the
whole service life-cycle. Service governance and meta-data management is unified by a given meta-model
(Glöckner, Augenstein, and Ludwig, 2014).
Figure 5. Visual snippet of the service map prototype.
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With this approach, a logistics network is supported in retrieving services in different use cases. (a) Add a
new LSP to the network and match its offered services to the existing set of services in a logistics network
by adding the new LSP to the provider list of the particular service. (b) Develop a new composite service
to meet a specific customer’s need by selecting and composing services from the service catalog with the
help of the editor. (c) Find compensational service or provider when realizing the urgency for re-planning
or elimination of errors because of unpredictable disturbance in the network. (d) Detect the need to find
further specialists when customer requirements can not be matched to existing services.
Summarizing, there are the perspective of the service providers on the one side and the perspective of the
network, the logistics integrator and its customers on the other side. The service map concept seeks to
align both perspectives in order to foster mediation through a common set of services that are available
within a logistics network. Hence, a network character with internal and external views as well as a
combined top-down and bottom-up perspective is emphasized.
5.3 Application of the Service Granularity Framework to the Logistics Domain
The developed framework is applied to the logistics domain by taking the requirements of logistics domain
and the logistics service map concept from the former subsections into account. The example network
consists of two LSP on one hierarchical level and the logistics integrator on the next higher hierarchical
level. The service map concept seeks to align both hierarchical levels in order to foster mediation through
a common set of available services within a logistics network. Hence, internal and external views as well
as a meet-in-the-middle perspective, as well as mediation and alignment is outlined.
The service granularity framework is transferred to a logistics network comprising 2 exemplary hierarchical
levels. Using the formular of section 4.2, the conceptual description contains 2∗3 provider levels and
2−1 mapping levels, resulting in a framework with 7 levels of granularity (see Figure 6 and Table 2). The
first three levels on top are dedicated to the hierarchy of the logistics integrator (’provider levels’), whereas
the bottom three levels represent the hierarchy of the participating LSP (’provider levels’ as well). The
level in the middle (darker gray) acts as the ’common-mapping-level’ containing the connecting entities
between the two hierarchies of LSP and the logistics integrator. Table 2 gives typical examples of possible
services for each particular granularity level. Assuming that logistics services are not further outsourced,
the two LSP on the lower hierarchy form the basis of the network. Their basic level contains the most basic
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Figure 6. Service granularity framework applied to the example logistics service network.
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Table 2. Seven service granularity levels of the example logistics service network.
Nr Name Description Example
7 service
portfolio
comprehensive logistics capabilities automotive logistics in a particular
region
6 composite
services
service that fulfill complex customer
demands
supply chain for particular product
modules
5 atomic
services
services that are available in a net-
work
transportation, inbound, or ware-
housing
4 common
mapping level
mapping entities logistics service map
3 logistics
services
services, LSPs offer to customers, ser-
vices that are presented externally
inbound
2 composite
functions
mix’n’match of logistics functions unloading + quality check + label-
ing
1 logistics
functions
finest in-dividable logistics functions,
where part steps don’t make sense
unloading + putting the entity to a
particular destination
logistics functionality of the network that can not be split further (see also level 1 in Table 2). Functions
can be composed by the LSP (level 2) until they reach a level of granularity of logistics services that are
externally presented to customers, or the logistics network in our case (level 3). The logistics network
sources the available logistics services of all LSP in the network as its atomic services (level 5). These are
combined to composite services in order to fulfill complex customer demand (level 6). All atomic and
composite services together shape the service portfolio of the logistics network that can be presented to the
end consumer of the logistics service network (level 7). The important point of interaction between LSP
and the logistics integrator (or network, respectively) is located on the common-mapping-level (level 4).
With its mediating, aligning character and being viewable and accessible by the connected stakeholders,
the logistics service map concept can be located on this level.
Summarizing, with the service granularity framework and especially with the given use case, a general
guidance on how to handle service granularity in service provider networks, such as of the logistics
domain, is given. A Service Granularity Framework is defined for conceptualization of and working with
service granularity in general, and in the logistics domain in particular. Results may also be transferred to
networks with more hierarchical levels. Other service oriented domains with similar requirements could
benefit from the framework as well. With the description of the framework and the examples a given
logistics service can be adequately characterized and asigned to a distinct granularity level. With the
assignment the need for further (de-)composition for specific purposes can be revealed. Consequently, the
second research question is answered.
6 Conclusion and Outlook
The paper’s objective is to find the ’right’ set of granularity levels in order to facilitate composition
and decomposition of modular logistics services. In order to provide scientific evidence a systematic
literature review on ’service granularity’ was conducted. 139 papers about service granularity were found
in total. Only 21 of them delivered detailed description or concepts. Even though different dimensions
of granularity (horizontal, and vertical) are implicitly described in literature, there exists no explicit
conceptualization of service granularity. An explicit definition of vertical and horizontal granularity
has been synthesized. Subsequently, service granularity is conceptualized and the service granularity
framework is developed. Special emphasize is put on cross-organizational service composition. Provider-
levels and the common-mapping-level are defined by their dimensional focus, purpose and characteristics
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of the contained services or entities. Finally, the developed framework is applied to a generic logistics use
case in order to make results tangible for practitioners of the logistics industry as well.
The research questions presented in the introduction are answered by implementing suitable methods. The
first research question is answered with a systematic literature review. A conceptual Service Granularity
Framework is developed, mainly influenced by Erradi, Kulkarni, and Maheshwari (2007), Galster and
Bucherer (2008), Heinrich and Zimmermann (2012), Huergo et al. (2014), and J. Liu et al. (2015). The
second research question is answered with the help of conceptual modeling based on the logistics service
map in order to tailor the results to the specific needs of the logistics domain. An applied generic use case
illustrates the possibilities for service oriented industries and proves the applicability of the concept to
logistics.
The systematic literature review reveals some threats to validity that are related to:
• Completeness: publications may have been left out because of the database selection considered.
Further, technical limitations of the involved search engines are to be mentioned that can not be
estimated nor influenced by the researchers. Moreover, mostly journal-focused databases are taken
into account, as conference proceedings often tend to be seen as of lower quality (Levy and Ellis,
2006). ’Springerlink’ with a rather mixed characteristic of journals and conference proceedings shows
a higher hit ratio and also the considered papers in general are more likely to be from a conference
proceeding. Hence, further research shall be expanded to more conference-focused databases.
• Reliability: in order to reduce bias, evaluation and interpretation of publications was conducted by all
the authors. But even though a multi-revision strategy was adopted, analysis and synthesis are based
one the opinions of the research team (human beings), and thus are not beyond bias.
Implication for research is, to the best of our knowledge, the first conceptual framework on service
granularity. We hope to contribute a new perspective to the scientific discussion as well as a useful artifact
to the research community. As the framework connects several existing concepts it is able to describe the
existing approaches comprehensively and interrelate them.
We intend to encourage practitioners to understand the consequences of modular logistics services.
Implications for practitioners result in a guidance on how to deal with service granularity in logistics
networks. Further, guidance is given for assigning services with regards to their characteristics to a
distinct granularity level. Hence, service engineering and management is facilitated and the need of further
(de-)composition can be easily revealed. This could result in a higher flexibility of LSP and a higher
service quality that leads to a higher customer satisfaction and increased competitiveness. Modularity is a
widely discussed issue in literature, but applying the concept to business is still a demanding challenge in
logistics.
Future research will focus on the mapping entities on the common-mapping-level. The definition of
logistics specific service descriptions, inter-dependencies and interfaces is crucial in order to apply
the developed framework. The application of the framework in use cases creates practical evidence
and will lead to detailed feedback for further improvement. Extension of the literature review on more
conference-based literature databases will improve the service granularity framework, as well.
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6.2 Executive Summary
The paper contains the first comprehensive conceptualization of service granularity.
Results of a systematic literature review on service granularity reveal certain implicit
concepts and dimensions of service granularity in literature. Those concepts are syn-
thesized towards a conceptual framework that guides the finding of the right amount
and quality of granularity levels. The analytical method is a systematic literature re-
view following Vom Brocke, Simons, Niehaves, et al. [2009]. The design approach is
based on the method of conceptual modeling [Goos et al., 1999]. The evaluation is
based on FEDS [Venable et al., 2014] and realized by a quick&simple strategy with an
application example in the logistics industry. The paper answers RQ5 (see Section 1.2)
by dividing it into two sub-questions:
• How can service granularity in existing literature be conceptualized? How can
the concepts be consolidated within one single framework?
• How can such a framework be applied to the logistics domain in order to improve
handling service granularity of logistics networks?
Essential results comprise the conceptualization of service granularity and distinct
granularity level concepts. First, a distinction is made between horizontal and ver-
tical granularity. Horizontal granularity is the composition of services of one stake-
holder or service provider (i.e. provider-internal). Vertical granularity is defined as
the integration of services into composite services of other stakeholders (i.e. cross-
organizational). Granularity level concepts are divided into provider levels on the one
side and common-mapping-level on the other. Provider levels are used to manage the
proprietary atomic services as well as the invocation of outsourced services from other
providers (bottom-level), the internal engineering, management and orchestration of
those services (middle-level), and the presentation and provision of service(-bundles)
to either consumers or other providers (top-level). The common-mapping-level con-
nects providers on different hierarchy levels with each other, or the top-level of the
providing party with the bottom-level of the invoking party, respectively. The canon-
ical schema as well as the service metadata management of a service network can be
implemented on the common-mapping-level. It contains the commonly shared service
standard (e.g. description, interfaces, etc.). Composition on this level is not allowed. It
enables only 1:1 connections between two providers. It can be created either bilateral
(between two providers) or (pre-)specified by a third party (e.g. LI) or service system.
An example with 2 levels of hierarchy can be seen in Figure 6.1. Bottom-level of the
LSP hierarchy contains elementary logistics functions that are bundled to composite
functions by each LSP and offered as logistics services to the integrator. Those services
are subscribed to the service catalog of the service map (that could be located on the
common-mapping-level) and are now available to the LI (on its bottom-level) to be
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With this approach, a logistics network is supported in retrieving services in different use cases. (a) Add a
new LSP to the network and match its offered services to the existing set of services in a logistics network
by adding the new LSP to the provider list of the particular service. (b) Develop a new composite service
to meet a specific customer’s need by selecting and composing services from the service catalog with the
help of the editor. (c) Find compensational service or provider when realizing the urgency for re-planning
or elimination of errors because of unpredictable disturbance in the network. (d) Detect the need to find
further specialists when customer requirements can not be matched to existing services.
Summarizing, there are the perspective of the service providers on the one side and the perspective of the
network, the logistics integrator and its customers on the other side. The service map concept seeks to
align both perspectives in order to foster mediation through a common set of services that are available
within a logistics network. Hence, a network character with internal and external views as well as a
combined top-down and bottom-up perspective is emphasized.
5.3 Application of the Service Granularity Framework to the Logistics Domain
The developed framework is applied to the logistics domain by taking the requirements of logistics domain
and the logistics service map concept from the former subsections into account. The example network
consists of two LSP on one hierarchical level and the logistics integrator on the next higher hierarchical
level. The service map concept seeks to align both hierarchical levels in order to foster mediation through
a common set of available services within a logistics network. Hence, internal and external views as well
as a meet-in-the-middle perspective, as well as mediation and alignment is outlined.
The service granularity framework is transferred to a logistics network comprising 2 exemplary hierarchical
levels. Using the formular of section 4.2, the conceptual description contains 2∗3 provider levels and
2−1 mapping levels, resulting in a framework with 7 levels of granularity (see Figure 6 and Table 2). The
first three levels on top are dedicated to the hierarchy of the logistics integrator (’provider levels’), whereas
the bottom three levels represent the hierarchy of the participating LSP (’provider levels’ as well). The
level in the middle (darker gray) acts as the ’common-mapping-level’ containing the connecting entities
between the two hierarchies of LSP and the logistics integrator. Table 2 gives typical examples of possible
services for each particular granularity level. Assuming that logistics services are not further outsourced,
the two LSP on the lower hierarchy form the basis of the network. Their basic level contains the most basic
service portfolio
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Figure 6. Service granularity framework applied to the example logistics service network.
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igure 6.1: Service gr nula ity framework appli d to the example logis ics service net-
work.
I terms of co tribution type level ( e Table 1.2) and the kind of knowledge contri-
bution (see Table 1.9), the artifacts of the paper can be characterized as follows: The
conceptualization of service granularity, and the definition of granularity concepts and
levels are the first in depth examination with the different aspects of service granularity.
It is being discussed in literature as a point of compromise in service engineering, and
partly focused on in terms of mathematical description of the amount of functionality
bundled within one service. However, the missing comprehensive conceptualization has
not been articulated as a problem in literature before. Hence, the problem as well as
the solution maturity are low, and the resulting knowledge contribution of the service
granularity framework is an invention. The framework can be applied to a certain
range of problems and thus is located on the second level of contribution types.
This papers acts as a connector between the engineering of cloud logistics services
("service landscape", i.e. description of atomic services invoked from LSP by the LI) and
management of cloud logistics servcies ("service map", i.e. the creation of composite
services according to customer demands by the LI). The results are further used for
the consolidation and research roadmap (#8).
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Abstract. Concentration on core competencies in logistics requires col-
laboration between logistics service providers in order to fulfill complex
customer demands. The increasing demand for flexibility in logistics is
facing the heterogeneity of the providers. This creates a challenging field
for planning complex supply chains. Logistics integrators are meeting
this challenge. One main issue is the retrieval of the services available in
the logistics network and their combination for planning complex supply
chains. The prototype presented in this paper supports the retrieval by
providing a customizable domain-specific dimension concept for struc-
turing services. With the help of the dimensions and a customizable
domain-specific template scheme, a dynamic matrix is created in order
to facilitate the retrieval of services matching the selected dimensions.
After retrieval, the services can be combined on a canvas via drag and
drop in order to plan complex services and simultaneously create both
their BPMN diagram and corresponding XML file.
Keywords: Logistics service map · Prototype · Service engineering ·
Service management · Cloud logistics
1 Introduction
The paradigm of cloud logistics [1] focuses on the combination of logistics ser-
vices of different logistics service providers (LSP). Based on the concentration
on core competencies [2], LSPs have to collaborate in order to fulfill complex
customer demands [3]. With a high demand for flexibility on the customer side
[4] and a high heterogeneity on the provider side [5], the business model of a
‘logistics integrator’ (LI) [6] is required to solve the resulting field of tension.
Main tasks of the integrator are the retrieval of services available in the logis-
tics network and their combination for planning complex supply chains. Due to
the heterogeneity of the services and their description, a common framework
requires a high degree of customization. Further, a domain-specific categoriza-
tion scheme for the structuring of the services is needed in order to facilitate
retrieval of suitable services during the planning phase. These issues are taken
into account by the Logistics Service Map (LSM) [7]. As the LSM is only realized
on a conceptual level, this paper’s contribution is the incremental advancement
of a prototypical implementation by answering the following research question:
How can the concept of the Logistics Service Map be implemented prototypically?
c© Springer International Publishing AG 2017
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2 Logistics Service Map Prototype Description
The LSM prototype mainly comprises a single page web application for the col-
laboration of an LI and several LSPs. Customizable concepts of structuring and
visualization support the engineering and management of the logistics services
that are available in a logistics network. In addition to the rather literature-
based functional requirements presented in [1] and the further publications
cited therein, the list of features was extended by empirical-based requirements.
Through workshops with LSP from a logistics network prior to the development
of the prototype, several features were added. Main features are the engineering
of service templates that constitute the origin of services. The customizable con-
cepts of service templates and dimensions are used to structure services. The
management and retrieval of services is realized through a matrix as a visual
structured representation that dynamically takes the structuring concepts into
account and facilitates the retrieval of services. The function of combining sev-
eral services to engineer complex logistics services is essential to the service map
concept. Empirical findings suggested Business Process Management Notation
(BPMN) to be the favored way of presenting complex services that shall be used
afterward for process management in the network.
Cooperation with regard to the exchange of information is facing several
issues, such as the LSPs’ heterogeneity of IT systems and service description.
The LSM prototype solves this issue by providing a web application, i.e. cross-
platform solution, that all network participants can use. Further, different qual-
ity levels of service descriptions are an issue. Information gaps can occur that
complicate picking the most suitable services for customers’ demand. The LSM
prototype addresses this issue by a shift of responsibility. The LI can create
service templates for certain types of services, e.g. transportation service, with
mandatory and optional attributes. LSP that want to offer their logistics service
through the LSM chose a suitable template and fill in at least the mandatory
information, e.g. mode of transport, area, and range, in order to make their
capability available as a service in the LSM. After filling in the attributes, a
new service (e.g. transportation) is created and stored in the database. Hence,
quality standards of the service descriptions can be achieved with regard to the
requirements of the LI. The LSM prototype aims at supporting the management
of the logistics services offered by the participating LSPs. In order to keep track
of a possibly large amount of services, the LSM features a domain driven struc-
turing of services in order to support filtering and visualization of services. For
this issue, the prototype contains a resource named dimension that represent
one possible aspect of services (e.g. region of provision, range of distance). With
this, the service can be sorted by distinct inherent attributes (e.g. Europe, long
distance). The matrix is a table created by selecting two dimensions and certain
templates as filters in order to narrow the selection. Underneath the matrix, a
BPMN canvas is integrated. The LI can transfer services from the matrix onto
the canvas easily via drag and drop. Complex service that consists of multiple
services can be built, while simultaneously a BPMN diagram and its correspond-
ing XML file are created for further use in other contexts.
7 Prototype 110
Logistics Service Map Prototype 433
The described features and resources can be seen in Fig. 1. The LI, who man-
ages the network and plans the supply chains, is in charge of creating dimensions
and service templates that fit the network’s character and the planning style.
Afterward, LSPs willing to participate in the network and the inherent supply
chains are able to create and submit their services to the LSM with the help of
mentioned resources. During planning phase, the LI is able to filter and visual-
ize the available submitted services with the help of the matrix and to create
complex service (in BPMN and XML) with the help of the BPMN canvas.
Fig. 1. Screenshot with parts of the prototype. On the left, from top to bottom, are
the navigation bar, the dimension selection and one top piece of the matrix with the
services represented as radiused rectangles. On the right, from top to bottom, are the
bottom piece of the matrix and the integrated BPMN editor canvas underneath.
In addition to the identified requirements and features, further non-functional
requirements, such as fast development, easy maintenance and customization are
defined. Consequently, the MEAN stack paradigm [8] is applied to develop the
web-based application. This comprises the embedded components MongoDB,
Express, AngularJS and Node.js, each supporting Javascript as a single pro-
gramming language for the whole stack and thus, allows fast development. While
MongoDB offers a NoSQL document store to save all the resources, (i.e. services,
service templates, and dimensions), the purpose of AngularJS as a front end
framework is to build a single page application providing the user interface. In
the prototype, Node.js helps to build a back end web server offering a REST-
ful API along with its framework Express. Thus, a light way of communication
between the client and the back end database can be established.
The front end contains three modules to manage the resources, i.e. dimen-
sions, service templates, and services. Each of them features a view to list all
resources of the same kind as well as a view to create, update, observe and
delete single resources. During creation of service templates it is possible to
add mandatory and optional attributes for the creation of services based on
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these templates as well as the data types of the attributes, i.e. strings, numbers,
boolean (via check-boxes and radio-buttons). Further, the prototype allows to
inherit attributes, and their state of being mandatory or not, from more general
service templates to more specific ones, e.g. attributes from ‘transportation ser-
vice template’ are inherited to ‘express transportation service template’. During
creation of a service, it is necessarily assigned to one of the provided service
templates. Thus, all corresponding attributes of the template are shown to the
LSP and have to be filled in if mandatory. Before saving a service to the data-
base, required attributes and their data types are validated. In the fourth front
end module, the LI can select two dimensions and optionally a certain service
template in order to filter services to be displayed in the matrix, see Fig. 1. In
addition, the matrix page includes a canvas underneath that comes from bpmn-
js as a Javascript rendering framework and web modeler for BPMN 2.0 [9]. The
user is able to drag and drop services from the customized matrix onto the can-
vas directly as BPMN tasks in order to create complex services as BPMN 2.0
processes. After editing, they can be stored as (complex) services in the database
based on their XML code and be converted to a sub-process that is reusable in
the canvas again for creating even more complex services. A demonstration of
the prototype client can be found on the website: https://lldevelopment.wifa.
uni-leipzig.de:8093.
3 Evaluation, Significance of Results, and Outlook
The Framework for Evaluation of Design Science Research (FEDS) [10] was
applied to the created artifact. Goal is to show its usefulness with the help of a
‘Quick & Simple’ strategy. The evaluated properties, which have been chosen to
be proved by a group of logistics experts, are usability, flexibility, and compre-
hensibility. The group of four experts had to model logistics services given by
written service descriptions and to create a complex logistics service consisting
of some of the given services. Finally, an XML file of the complex service for
BPMN had to be produced. The evaluation group rated the properties to be
fulfilled partly as comprehensibility was marked to have further potential. This
resulted from the fact that the users first had to acquaint themselves with the
structuring approach of the features template, dimension and category. After
explaining the features, the properties flexibility and usability of the prototype
were rated high. As a consequence, a detailed documentation of the several fea-
tures and modules of the prototype and their relations was created in order to
improve the comprehensibility of the prototype.
As the paradigm of cloud logistics is not a widespread field of research [1],
such a prototypical implementation is an innovative artifact for the research com-
munity that enables researchers to conduct further field experiments. Several
domain-driven structuring approaches and template variants can be analyzed
towards their suitability from a empirical perspective. With the high evaluation
of the properties flexibility, usability as well as with the fulfillment of the func-
tional requirements (i.e. the support of engineering and management of simple
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and complex logistics services from heterogeneous sources) a high significance
to practice is confirmed. Especially, the functions of structuring, retrieval and
combination of logistics services and the subsequent creation of BPMN graph
and XML for further usage are fulfilled. LSP can benefit from such an artifact by
a common standard in logistics network that enbales them to collaborate easily.
LI benefit from an increased speed of engineering different process alternatives.
Future work comprises multi-user features like authentication or assignment
permissions and the automatic creation and structuring of logistics service from
electronic description. Eventually, the full integration of the prototype into the
logistics service platform of the main research project LSEM is planned.
Acknowledgment. The work presented in this paper was funded by the German
Federal Ministry of Education and Research within the project Logistik Service Engi-
neering und Management (LSEM). More information can be found under the reference
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7.2 Executive Summary
The paper describes and presents the incremental advancement of a prototypical im-
plementation of the service map that facilitates the engineering and management of
cloud logistics service. The leading design method is prototyping [Wilde and Hess,
2007; Lantz, 1986]. The paper answers RQ6 (see Section 1.2).
The prototype’s objective is the proof-of-concept of the cloud logistics approach. It
enables the engineering of logistics service templates. Those templates are the basis for
the creation of services and form the foundation of the service catalog structure. Two
of the catalog’s structure dimensions can be applied at the same time to a dynamic
matrix in order to structure services, visually represent them to the user and thus,
facilitate service retrieval (see Figure 7.1). The demanded services can be transferred
from the matrix via drag & drop onto a Business Process Model and Notation (BPMN)
canvas. While being dropped, the services are automatically transformed into BPMN
tasks. By connecting the BPMN tasks with each other, composite services are created
that are simultaneously saved as BPMN diagrams and Extensible Markup Language
(XML) documents as well (see Figure 7.1). Hence, machine readable documents and
processable service descriptions are created. Those processable service description are
the basis for concrete service instances that are operated in the logistics network. The
prototype is realized following the MEAN stack paradigm [Holmes, 2016]. With the
unique programming language javascript for all parts of the prototype, e.g. MongoDB
as the document store, Express as the client web framework, node.js as the server web
framework, and angular as the single-page-web-application front end, the solution can
be easily implemented and maintained in a cloud environment.
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The described features and resources can be seen in Fig. 1. The LI, who man-
ages the n twork and plans the supply chains, is in charge of creating dimensions
and service templates that fit the network’s character and the planning style.
Afterward, LSPs willing to participate in the network and the inherent supply
chains are able to create and submit their services to the LSM with the help of
mentioned resources. During planning phase, the LI is able to filter and visual-
ize the available submitted services with the help of the matrix and to create
complex service (in BPMN and XML) ith the help of the BPMN canvas.
Fig. 1. Screenshot with parts of the prototype. On the left, from top to bottom, are
the navigation bar, the dimension selection and one top piece of the matrix with the
services represented as radiused rectangles. On the right, from top to bottom, are the
bottom piece of the matrix and the integrated BPMN editor canvas underneath.
In addition to the identified requirements and features, further non-functional
requirements, such as fast development, easy maintenance and customization are
defined. Consequently, the MEAN stack paradigm [8] is applied to develop the
web-based application. This comprises the embedded components MongoDB,
Express, AngularJS and Node.js, each supporting Javascript as a single pro-
gramming language for the whole stack and thus, allows fast development. While
MongoDB offers a NoSQL document store to save all the resources, (i.e. services,
service templates, and dimensions), the purpose of AngularJS as a front end
framework is to build a single page application providing the user interface. In
the prototype, Node.js helps to build a back end web server offering a REST-
ful API along with its framework Express. Thus, a light way of communication
between the client and the back end database can be established.
The front end contains three modules to manage the resources, i.e. dimen-
sions, service templates, and services. Each of them features a view to list all
resources of the same kind as well as a view to create, update, observe and
delete single resources. During creation of service templates it is possible to
add mandatory and optional attributes for the creation of services based on
Figure 7.1: Screenshot with parts of the prototype. On the left, from top to bottom,
are the navigation bar, the dimension selection and one top piece of the
matrix with the services represented as radiused rectangles. On the right,
from top to bottom, are the bottom piece of the matrix and the integrated
BPMN editor canvas underneath.
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The prototype artifact can be characterized as a situated implementation of artifact,
i.e. level 1, for explanation see Table 1.2. In terms of knowledge contribution (see
Table 1.9), the prototype can be characterized as an exaptation since the solution itself
(MEAN Stack javascript application) is taken from the field of IT and applied to the
problem of the logistics service map in the context of cloud logistics. As the proof-
of-concept, the prototype constitutes one important point of evaluation [Gregor and
Hevner, 2013].
This papers is the proof-of-concept for the engineering and management of cloud
logistics service. It is based on the findings of papers #1 - #4. The results are further
used in the consolidation and research roadmap (#8).
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Abstract. Tactical planning of composite services in heterogeneous
logistics networks is facing two major problems. First, existing planning
methods lack in concreteness as they instruct to compare different alter-
natives of possible composite services in order to find the best solution,
but they do not state how to develop and engineer those alternatives. Sec-
ond, the planning and evaluation of composite services via simulation is
difficult, because services are offered and processed by different logistics
service providers of the network and thus are based on different informa-
tion sources and different kind of models. In this paper both issues are
addressed with a comprehensive method. Engineering is supported by
the service map that is an electronic catalog and construction system for
services to create alternatives of process models from composite services
automatically. Evaluation is assisted by an automated transformation
of process models to simulation models. Information exchange between
both concepts is realized with a model-driven integration approach.
Keywords: Logistics · Planning · Model-driven · Process alternatives ·
Engineering · Evaluation
1 Introduction
Logistics focuses on planning, operating and monitoring systems that comprise
material flow as well as the related information flow [1]. Resulting from the
common paradigms of division of labor and outsourcing, a high number of par-
ticipants within logistics systems arises. Each of them maintains a wide range
of IT-systems as well as a wide range of services with differing provider-specific
descriptions [2]. This complexity is difficult to handle, e.g. see [3,4], in order
to negotiate and fulfill specific and individual logistics contracts. Especially, the
planning phase of a logistics system forms the basis of all future operations and
system’s results. This fact implicates a challenging issue that arises from the high
amount of stakeholders, services, their descriptions and possible combinations.
Planning is generally differentiated into the commonly accepted classifica-
tion of strategic (long-term), tactical (mid-term) and operational (short-term)
c© Springer International Publishing Switzerland 2015
S. Hammoudi et al. (Eds.): ICEIS 2015, LNBIP 241, pp. 364–384, 2015.
DOI: 10.1007/978-3-319-29133-8 18
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planning [5]. Tactical planning in logistics is typically situated in the compe-
tence area of central logistics departments [5], which could also be outsourced
to and represented by a central logistics integrator (e.g. fourth party logistics
service provider [6,7] or lead logistics provider), while actual operation and phys-
ical movement of goods is carried out by subsidiary logistics service providers
(LSP) [8,9]. Tactical planning in logistics addresses the flexibility of processes
(volume, delivery and preconditions of operation) as well as supply chain design,
relationships and inter-organizational information systems [4,10,11]. The term
flexibility means the ability to be easily modified by maintaining and analyzing
a variety of alternatives in order to choose the best for a specific task under
current conditions [12]. In summary, tactical planning in logistics focuses on the
engineering of available process alternatives and their evaluation [10].
When analyzing the applied methods of tactical planning in logistics, litera-
ture provides a wide range of publications addressing this specific topic, see e.g.
[1,10,13,14]. Consensus of all approaches is a planning procedure subdivided
into several distinct phases, whereas there are different numbers of phases and
aspects to be considered in each approach. Further consensus could be found
in a non-linear phase-sequence as iterative loops are allowed and encouraged in
order to develop appropriate solutions. Another important similarity - as already
pointed out - is the development of distinct planning alternatives and the sub-
sequently evaluation of each in order to either approximate the current solution
towards an optimum or to find the best solution to a given task. However, a com-
mon shortcoming of planning methods is an inadequacy in a specific description
on how to create and evaluate process alternatives.
Especially, tactical planning - as the foundation of flexibility - in the field
of transport and distribution is underrepresented in research [10]. Further, the
related adaptable IT is important for inter-organizational information linkage
[4,12]. This leads to additional difficulties as a variety of annotations and model-
ing methods exists next to the variety of IT-systems of the LSP. Hence, the paper
focuses on fostering tactical planning issues on IT-level. Since tactical planning
lacks in a concrete method for the development of different alternatives and this
issue is an essential aspect for flexibility, an approach is needed that supports the
finding and subsequent evaluation of alternatives. A comprehensive overview for
logistics integrators of currently available alternatives of services and processes
in the network is needed to develop a wide range of potential solutions. Due to a
high number of participants and their diverse approaches for service description
within an open logistics network [2,9], a suitable solution for engineering and
evaluation of composite services and the resulting processes within the hetero-
geneous LSP-landscape (and their related service descriptions and IT-systems)
could be found in a model-driven approach.
The paper’s contribution is a method for linking engineering and evalua-
tion of process alternatives to support logistics integrators. After presenting the
basic concepts in Sect. 2, a model-driven approach is introduced in Sect. 3 that
focuses on their combination using a common metamodel. The developed method
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for engineering and evaluation in Sect. 4 and a summary with future research
prospects in Sect. 5 conclude the paper.
2 Basic Concepts
With the issues in mind (engineering and evaluation of alternatives), the fol-
lowing section first introduces an approach of a combined catalog and construc-
tion system (the logistics service map) for engineering and afterward focuses on
simulation in logistics as an approach for the evaluation of composite service
alternatives.
2.1 Logistics Service Map
The challenge of retrieving appropriate services with heterogeneous descriptions
from different IT-systems [2] that arise from a complex logistics network with
numerous participants demands a solution that is commonly accepted by all
network participants. Those challenges create the requirement of presenting the
services of a network in a common way (catalog function) and combining them in
order to form composite services (modular service construction system function).
This issue can be solved by the concept of the service map (SM).
Logistics Service Map
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Fig. 1. Exemplary catalog-part of the SM with two dimensions: ‘classic logistics func-
tion vs. value-added’ and ‘stage-specific’. Dashed arrows mark compatible services for
composition.
The concept of the SM addresses the challenges by combining these two
functions [15]. On the one hand, a catalog of all available services and process
activities is provided. Every network participant has to subscribe its services to
this catalog in order to have a commonly used single point of truth. With these
characteristics the SM covers the conceptual functionality of a service repository.
Though, to increase usability, the overview could be categorized by the user’s
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needs in different abstraction layers. As shown in Fig. 1, a graphical represen-
tation with two spatial dimensions for the user-chosen categories simplifies the
interaction for users when searching for services or process activities. In that
way, service retrieval is enhanced and can be done in an intuitive way. Besides
the intuitive manual usage, the catalog function also fosters a systematic cate-
gorization for (semi-)automated retrieval of atomic services. On the other hand,
the concept includes a modular service construction system in order to combine
atomic services to composite services. Through combination, service descrip-
tions of the composite services are derived so that they could be transformed
into process models later on for, e.g. collaborative planning in networks, simula-
tion or mediation. With this approach, the network participants are supported
in retrieving services in different use cases. (1) Adding a new service provider
to the network and matching its offered services to the existing set of services
in a logistics network by adding the new service provider to the provider list
of the particular existing services. (2) Developing a new composite service to
meet a specific customer’s need by selecting and composing appropriate services
from the SM. Service-specific information and attributes can be displayed when
changing the selected granularity to a more detailed level to foster engineer-
ing and management. Moreover, the unique standard of the used set of services
within a network and the visualization foster a precise mediation and communi-
cation between all stakeholders during the whole service life-cycle. (3) Finding
compensational service or provider when realizing the urgency for re-planning
or elimination of errors because of unpredictable disturbances in the network
or an insufficiency in solving a given task. By analyzing the category of a dis-
tinct service that is to be replaced, a similar service with similar capabilities can
be found automatically. Summarizing, the SM is capable of representing and
creating planning alternatives.
Literature provides a wide variety concerning the SM concept. Either (a) the
term ‘service map’ is used and also the functionality meets partly the require-
ments mentioned above, e.g. [16–19], or (b) the term is used but a different
substantial functionality is addressed, e.g. [20] or (c) the term is not used but
the described concept partly includes functionality for the mentioned purpose,
e.g. [21,22]. Collectively, none of the approaches comprise both functionalities of
catalog and construction system. As the SM concept comprises both, its func-
tionality enables the engineering of services for a later combination to more
complex processes. Hence, the creation of composite service alternatives could
be realized with the use of this concept.
2.2 Simulation in Logistics
The planning of composite logistics services is performed using several differ-
ent models (e.g. process model, service profile, and simulation model). A rough
plan, including each sub-service and their temporal dependencies, is represented
by a process model. Based on this, dynamic aspects of logistics systems can be
analyzed using simulation. The main task of simulation in logistics is studying
the behavior of composite logistics services (e.g. lead times, transport volumes
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and capacities) to ensure that customers’ requirements can be met. Thus, it is
possible to analyze the flow of goods through the logistics system with regard to
the capacity to identify bottlenecks at an early planning stage. As a result, sim-
ulation models of logistics networks can be used to evaluate different composite
service alternatives or process alternatives, respectively and consequently can
improve the decision-making process in tactical logistics planning. Especially,
discrete-event simulation (DES) is appropriate to enhance decision support in
the planning process by analyzing several system configurations, which differ
in structure and behavior [23]. However, the use of simulation also leads to a
number of problems.
Asmentioned previously, differentmodels (processmodel, providermodels and
simulation model) are used within the planning process. This is a major problem
because each time a model is slightly modified, any of the other related models
must also be revised. As already outlined in the introduction, the modeled infor-
mation itself could also differ from one provider to another whereby a wide range
of descriptions and used annotations arises within a network with a high number
of participants. This increases the modeling effort. Further, building simulation
models requires special training and experience in order to avoid errors. It is a
methodology that is learned over time. Consequently, the creation and analysis
of simulation models could be expensive while consuming an enormous amount of
time. This can lead to a non-profitable use of simulation [24]. As a consequence,
the effort for the development of simulation models has to be reduced. In terms of
planning logistics systems several models are used. These models build upon one
another and show dependencies among each other. A change in a model also impli-
cates and claims changes in subsequent models. To ensure the interaction between
simulation and other models, simulation techniques have to be well-integrated in
the planning process [25]. It is necessary that the created process models within
the planning process, based on a separate description of each logistics service, can
be transformed automatically into a simulation model. Accordingly, an approach
to combine different heterogeneous planning models in order to force the reuse of
already modeled information is needed. This requirement aims to minimize the
planning effort of a logistics integrator by reusing already modeled information.
In addition, manual errors in the creation of a simulation model are avoided. Fur-
thermore, the need for special training and special experience in simulation model
building is reduced.
In this section an approach is presented to transform process models into sim-
ulation models in order to reuse already modeled information and thus reduce
modeling effort. Related work is presented by describing different simulation
approaches that have influenced the development. Simulation is widely used in
the field of logistics in order to plan logistics systems. Ingalls discusses the bene-
fits of simulation as a method of studying the behavior of logistics networks [26].
Additionally, advantages and disadvantages are illustrated for the analysis of sup-
ply chains with the use of simulation. A concrete simulation approach is not pro-
vided. In [27], a commonly applicable simulation framework for modeling supply
chains is presented. Contrary to [26], they focus on a more technical perspective
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as they show an overview of event-discrete simulation environments in terms of
domains of applicability, types of libraries, input-output functionalities, anima-
tion functionalities, etc. Cimino et al. also show how and when to use certain pro-
gramming languages as a viable alternative for such environments. A modeling
approach and a simulation model for supporting supply chain management are
presented by Longo and Mirabelli in [28]. They also provide a decision making
tool for supply chain management and, therefore, develop a discrete event sim-
ulation tool for supply chain simulation. All these approaches are relevant for
developing an integrated planning and simulation approach. However, all these
approaches satisfy the logistics integrator’s specific requirements [25] only par-
tially. The development of simulation models based on process models is insuffi-
ciently considered.
In addition, we make use of transformation approaches for defining transfor-
mation models as a mediator between process and simulation models. In both
approaches of [29,30] a transformation model is used in an additional step in
order to derive a simulation model from an already existing process model. Both
approaches take the fact that process models are independently defined from sim-
ulation requirements. In practice, process models serve to foster transparency or
documentation and to analyze the requirements for the introduction or imple-
mentation of new information systems. However, both approaches assume that a
process model is defined using Event-driven Process Chain. Cetinkaya proposes
a comprehensive theoretical framework for model driven development in the
field of modeling and simulation (M&S) for the efficient development of reliable,
error-free and maintainable simulation models (MDD4MS framework) [31]. In a
case example it is shown that MDD4MS framework is applicable in the Discrete
Event System Specification (DEVS)-based discrete event simulation domain. The
transformation of the Business Process Model and Notation (BPMN) elements
into DEVS components has provided an effective way to easily model and sim-
ulate business processes. However, the MDD4MS framework currently provides
only model transformation method from BPMN process model (conceptual mod-
eling language) to DEVS (platform-independent simulation model) and from
DEVS to Java (platform-specific simulation models). Furthermore, the required
parameters for simulation were added directly to the Java code and thus can be
performed by simulation experts only. Huang describes another interesting app-
roach for Automated Simulation Model Generation [32]. The proposed method
can use existing data to automatically generate simulation models. Therefore,
a domain meta-model and the model component library have to be designed
before the existing data can be used to provide the information about the model
structure and parameterization. However, in contrast to our research the use
of existing process models as source models are not considered. Nevertheless,
the use of existing data for the parameterization of simulation models shows
similarities to our research.
The added value of the simulation approach presented in this paper is the
automatic transformation of existing process models to simulation models, as
described in the following. A process model, e.g. BPMN or Event-driven Process
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Chain (EPC), is simulation independent, i.e. the model does not contain any
information regarding to the dynamic aspects such as arrival times, processing
times or capacities. The process model is transferred into a transformation model
and enriched with information required to run a simulation. However, the trans-
formation model is platform independent and therefore cannot be executed in a
specific simulation tool. The specific simulation models (e.g. Enterprise Dynam-
ics (ED), Arena) are generated from the transformation model. The structure of
the transformation model is described in more detail in [33]. Figure 2 illustrates
this approach.
Fig. 2. Transformation approach from process models to simulation models.
Even though, simulation provides a possibility to evaluate composite service
alternatives, the main problem in the current context is a dependency on process
models that need to be existent before the transformation is done, in order to
conduct their evaluation via simulation models afterward. Accordingly, a combi-
nation with the former presented SM concept appears to be a suitable approach
for an integrated engineering and evaluation of composite service alternatives.
The connection of both concepts is presented in the following section.
3 Model-Driven Connection of Concepts
The combination of these presented concepts for engineering and evaluation of
process alternatives is realized by a model-driven approach. General information
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about and a foundation of model-driven development and metamodeling can be
found in [34]. The basic idea of this approach is to create metamodels of these
introduced concepts that conform to a common metametamodel. As models are
derived from those metamodels and thus conform to them as well, interconnec-
tion and data-consistency can be ensured between models with a (transitive)
common metametamodel. In the beginning the general approach is introduced
as well as the distinct metamodels of both concepts and at the end of the section
their connection is described.
3.1 Model Integration
Models used for planning composite logistics services are designed to maintain
specific information of involved services. Each planning tool has therefore a dis-
tinct metamodel as a formal base. In order to model the process of such a com-
posite service we use, for instance, BPMN, but there is no explicit limitation in
the choice of a process modeling language. Thus, during the whole process of
defining a composite service, such a service is comprehensively described using
various models. Dependant on the distinct modeled aspect the resulting models
might then contain either disjoint or overlapping information in a sense that
the same information is contained in multiple models. Since many stakehold-
ers are involved in modeling, this situation can even get worse, when the same
aspect is modeled differently by different stakeholders (e.g. using homonyms or
synonyms). At the same time, we have to ensure that new modeling/planning
tools can be integrated and that the overall planning, monitoring and controlling
process for composite services is kept efficient. So, in our approach we foster the
reuse of already modeled information and with this we are also able to avoid
modeling the same aspect in different manners.
To overcome the above mentioned situation, the Service Modeling Frame-
work (SMF) and its components [35–37] serve as a mediator and are crucial
for model and information management. In SMF services are defined using a
variety of models which represent certain aspects, for instance an interface or
a process description, a service level agreement specification or specific charac-
teristics in terms of runtime performance. The SMF is responsible for coping
with these models, for integrating and for storing them in order to ensure con-
sistent engineering and evaluation and thus, enables a standardized handling of
service descriptions and service models. The main purpose of SMF is to inter-
connect all involved models on metamodel level in a such way that contained
information can be extracted and reused. Each model is seen as a projection of
a virtual comprehensive model within the framework. Applied to the concepts
in this article, SMF is responsible for interconnecting models in the planning
phase for engineering and evaluation of composite services in order to transfer
information from the engineering of alternatives of composite service models to
the evaluation of simulation models. SMF thus supports development of a proper
simulation model from a initially developed composite service model.
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3.2 Service Map Metamodel
The SM supports the categorization and development of services. Instances of
the SM can be derived by the logistics integrator from the metamodel to describe
specific distinct service catalogs of a network or of different networks. The advan-
tage of a metamodeling approach is a high abstraction that provides a high
reusability in a wide range of cases and a simple interaction between several
instances. The SM metamodel follows the restrictions of the service modeling
framework (SMF) [36], i.e. based on the EMOF (Essential Meta Object Facility)
compatible Ecore metametamodel of the Eclipse Foundation. Figure 3 shows the
current version of the SM metamodel [38].
Fig. 3. Service map metamodel [38].
The following aspects are determined through the presented metamodel. Each
instance of the SM metamodel consists of exactly one catalog containing ser-
vices available within the network. This catalog is structured using categories
that depend on a specific domain (i.e. logistics in our case). Thus, the cata-
log represents a structured overview of services, each capable of one or more
capabilities. These capabilities belong to specific categories and are restricted
by the concrete domain. On a high level, for instance, capabilities represent
the ability to transport, store or to fulfill more complex composite and value
adding services. In order to provide capabilities in terms of services, a provider
owns specific resources like trucks or warehouses which are consumed during ser-
vice execution but typically are available again afterward. Each provider is also
allowed to specify zero or more service level agreements (SLA) for its services
in which it specifies service level constraints and service provisioning in terms of
gloeckner@wifa.uni-leipzig.de
8 Application 125
Planning of Composite Logistics Services 373
payment. Finally, services can either depend on other services or are restricted
not to work with other services. Exemplary, restrictions for the transportation of
dangerous goods could be mentioned, see [39]. Therefore, each service contains
references to others which are either available for the creation of a composite
service (allowedSiblings) or not (deniedSiblings).
An instance of a logistics SM thus represents a complete list of capabilities
(represented by services) of the provider network, including services the integra-
tor can provide on its own. Hence, the service map serves as a catalog of available
services. Moreover, during the creation of a composite logistics service for a cus-
tomer, the service map also serves as a unique point of information and as a
reference for searching appropriate services and providers. This becomes appar-
ent in the development phase in particular. During rough planning of a logistics
service, the composite service has to be constructed by choosing suitable services.
According to customers’ requirements, appropriate providers have to be chosen
for each task in the composite service. Therefore, the service map is used to
identify providers who offer the needed service type and SLA. Because the logis-
tics SM follows a metamodel-based approach, an integrator also has the ability
to manage multiple provider networks independently, for instance in automotive
industry. Requirements of OEMs (Original Equipment Manufacturer) are very
strict as they often demand secure supply chains. Providers are not allowed to
use distinct resources in different contracts. For instance, an integrator respon-
sible for warehouses with vendor managed inventory (VMI) for multiple OEMs
at nearby production sites is liable to provide warehouse resources to each of the
OEM exclusively, i.e. separate infrastructure and employees, in order to keep
business secrets. With this in mind, an integrator is still able to optimally allo-
cate resources if he partitions its complete network into independent parts and
manages each of them separately. Though, same services are in different cata-
logs, the integrator is aware of the total resources available and can create an
efficient supply chain for each customer.
With the metamodel the contained information itself as well as the exist-
ing connections and attributes between several classes are structured and thus
facilitate retrieval processes and allow an information based connection to other
types of models or between different instances of SMs.
3.3 Generic Simulation Metamodel
The generic simulation metamodel also follows the approach of the service model-
ing framework (SMF) [36], i.e. based on the EMOF compatible Ecore metameta-
model of the Eclipse Foundation.
In the following, the approach is described in more detail and it is shown
how the generic simulation metamodel (platform independent) was created by
considering the basic concepts of DES and the specific requirements from the
perspective of a logistics integrator. Process models describe functional or struc-
tural aspects that are relevant for a process. Depending on the used process
model notation, these functional aspects (e.g. Task in BPMN, Function in EPC,
Transitions in Petri Net) represent the different partial atomic services as parts
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of the composite services and processes in the scope of a logistics integrator’s
planning process. In [41] an approach for formal and semantic description of ser-
vices in the logistics domain using concepts of service orientation and semantic
web technologies is presented. The approach also categorizes and describes mod-
ular logistics services such as transport, handling, storage, value-added services,
etc. using a logistics ontology. Concepts of this ontology are used in this research
paper to refer to the description of specific logistics services from the functional
aspects depending on the used process model language (Task, Function or Tran-
sition). Thus, each functional aspect is assigned to a specific logistics service
type. Consequently, the result is a process model including all atomic services
necessary to meet customers’ requirements. Despite having a process model and
using this model as the basis for creating a simulation model, for simulation
additional information as to the pure visualization of the processes is necessary.
Therefore, literature was analyzed concerning information that is additionally
required to create a simulation model and relating basic concepts were derived
(Entities, Events, Attributes, Activities and Delays) [40]. In addition to these
basic concepts of DES, a simulation also has logistics-specific properties. There-
fore, two simulation tools using an application-oriented modeling concept (ED
and Arena) have been used to create different examples of simulation models in
order to study transport volumes and capacities. These tool-dependent models
have been analyzed and compared in terms of used modeling concepts and the
required data. The common concepts of these tool-dependent models and the
basic concepts of DES were used to create the metamodel shown in Fig. 4.
The generic simulation metamodel basically consists of SimulationElements,
SimulationParameters and Relations. A Source generates goods at predefined
time periods and they leave the model at the Sink. The purpose of an Activ-
ity is to manipulate goods in some ways, e.g. to store or to transport them.
Therefore, Goods enter an activity and remain there for a certain time period.
Moreover, an activity is assigned to a certain ServiceType which defines the
specific functionality of this activity. These three main concepts are subsumed
under SimulationElements. All Time periods can also be specified more precisely
with the help of DistributionFunctions. Regarding the service type, a Capacity
is an additional characteristic of an activity. For instance, an activity with the
service type “warehouse service” is restricted by a maximum capacity and has a
certain queuing strategy. Time, capacity, goods and distribution are subsumed
under SimulationParameters. The connecting elements between the activities are
represented by two different kinds of Relations. On the one hand, relations can
be simple, i.e. without specific characteristics. On the other hand, a connection
between activities can be represented by ConditionalRelations with additional,
specific characteristics (conditions, probabilities). Depending on values of these
characteristics, in a simulation either one or the other path is used. With this
metamodel, it is possible to create simulation-tool-independent models, which
contain all information necessary to perform a simulation. Further, a structure is
built between several information aspects and thus fosters a parameter specific
evaluation and improvement of processes or composite services, respectively.
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3.4 Interconnecting the Models
Especially, for an efficient engineering and evaluation, services and their descrip-
tions have to be handy in terms of analyzing and processing. The SMF editor
component provides a flexible way of interconnecting models and model elements
so that appropriate information is picked from the individual models and merged
into a more complex service definition. To provide a basis for interconnection of
service models, SMF contains a metamodel called Common Service Model (CSM,
[35]). The CSM serves as a basic structure for the SMF as essential concepts in
general are defined and connected to each other. It also introduces specialized
elements, namely ServiceAspect and ServiceDescriptionElement, in order to con-
nect models and their elements respectively. The CSM is also point of origin for a
set of artifacts, like the SMF editor. In contrast to automated model transforma-
tion approaches, SMF relies on a descriptive, informal interconnection. Existing
approaches for a model-to-model transformation connect elements from different
models on metamodel level and then perform a semi-automated transformation
on model level. This isn’t appropriate for our approach because of the follow-
ing reasons: on the one hand, transformations are realized directly and only on
metamodel level. If we then wanted to add a new model type we would have
to define multiple transformations for each already existing metamodel. On the
other hand, transformations can only be implemented in an automated fashion
by comparing the abstract syntax of a language. Very often, however, manual
steps have to be added in order to make sure that the transformation is correct
and complete (e.g. see the definition of extensional connections in [42] or see
the definition of intermodel-correspondences in [43]). Model transformations are
valuable and easy to perform if both models (source and sink) cope with the
same issue (e.g. transformation of a BPMN-model into a BPEL-model). Within
the SMF we, however, have to cope with models which are entirely different
in scope and functionality. On a conceptual as well as technical level we use a
modified version of the CSM within the editor and thus are able to model only
valid relationships (in matters of SMF) between different services and their mod-
els respectively. Because the CSM is the metamodel of the editor the resulting
model is thus a version of the comprehensive service model for a certain service.
Later on, we can also extend this version if new service models are added to the
service or if requirements changed and dependencies between models have to
be updated. The comprehensive model is then used as input for an information
extraction step which takes the contained models and their elements respectively
and sees to transfer information into the appropriate places.
In the following it is presented by whom and how the SMF editor should be
used. SMF components in general are designed for the usage at the logistics inte-
grator’s site. Participating partners like customers or LSPs are not confronted
with these concepts as they are not directly involved in tasks like network man-
agement or building complex supply chains. Instead, the editor is intended for
usage by logistics domain experts. They are able to analyze logistics processes
and descriptions from subsidiary providers, to model information in logistics
service models and therefore have deep knowledge about different model types.
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Fig. 5. SMF editor modeling (excerpt) [36].
Logistics domain experts use the SMF editor in order to identify and mark model
elements of different models which contain equal or similar information.
Services and models can be dragged from a repository component into the
editor and relationships can be defined as depicted in Fig. 5. Information has to
be integrated from a process model (“BPMN2.0”) - derived from the composite
service - and from different “provider” models into a simulation model (“sim-
meta”). The process model is derived from the composite service built with the
service map and thus conforms the service map metamodel. Simmeta equals the
generic simulation metamodel. Thus, we look for elements in the source as well
as in the sink models which contain equal or similar information with respect to
conceptual identity. A task in a process, is e.g. semantically equal to an activity
in the simulation model. Further, information from modeled sequence flows can
be used in simulation. Defining such connections is repeated for each used model
and the resulting service model is used as input for the extraction component of
SMF which in turn is responsible for creating and updating models.
The two presented metamodels are kept simple and only consist of a few
essential elements and their relationships. As both follow the SMF of [36] it is
possible to interconnect elements from different models with the common service
model (CSM) [35]. The CSM contains a metamodel for integration and transfor-
mation of differing models. Both models are defined through the same modeling
language on metamodel-level, i.e. Ecore metametamodel. Hence, we are able
to reuse information contained in these models and to easily interweave them.
The metamodels are defined in Ecore but could be easily implemented in other
frameworks as well. The Service is the central element of the SM metamodel. As
services implicate a kind of input and output connected to a certain capability
and can contain sub-services, a connection to the Activity element of the generic
simulation metamodel is suggested. Hence, an interchange of information and an
automated workflow can be implemented to combine engineering and evaluation
of process alternatives.
4 Method Engineering
In this section a method for semi-automated engineering and evaluation is devel-
oped. The leading approach is a process model for method engineering. After
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connection of the basic approaches an activity diagram illustrates the results
and the contribution of this paper.
The process model for method engineering presented by Ralyte´ and Roland
outlines two different strategies for assembling so called method components,
method chunk or method fragments. Depending on the characteristics, either
an association strategy or an integration strategy is proposed for assembling
method components [44]. The first strategy is recommended for method com-
ponents without any common elements. This case occurs e.g. when basic com-
ponents are working in a serial manner, i.e. the output of one component is
used as the input for another component. Thus, by associating the two initial
components a method can be created that provides a larger coverage than any
of the basic ones. Hence, the objective of this assembling process strategy is
to retrieve connection points and build a bridge between them. In contrary, the
latter strategy concentrates on merging overlapping elements in two components
that focus on similar tasks but with e.g. different solving strategies. The range
of possible results remains similar but functionality is enhanced. The focus of
this assembling process strategy is the retrieval of overlapping elements in order
to merge them. Consequently, the association strategy is suitable for the pur-
pose of the current paper. Engineering and evaluation are two different method
components that focus each on solving different tasks. Further, the output of
the engineering, i.e. one or more composite service alternatives and the related
process models, constitutes the input for the subsequent evaluation. The non-
existence of common elements, which is to be recognized when comparing the
presented metamodels, underlines the decision for the association strategy as
well as the serial characteristic of the designated final functionality of the two
initial components.
The figuring out of connection points for the association of the basic com-
ponents is also based on the approach of Ralyte´ and Roland, taking [45,46]
into account. Mainly, the original approach focuses on detecting semantical and
structural similarities between the elements of the two components that are to be
connected. By evaluating their common properties and links, several similarity
measures are calculated to conduct the assembly later on. However, an adapted
and, for the purpose of this paper, simplified argumentative-deductive version
is used. As already outlined, the element Activity of the simulation metamodel
comprises an input-output relation for a specific object. Further, there is the pos-
sibility of dividing activities into sub-activities and they are always restricted by
a certain capacity. This complies with the element Service of the SM metamodel.
A service also focuses on taking an input object in order to releasing a modified
output object. The division into subservices or combination to composite services
also complies with the activity-pendant. Finally, as a service always depends on
a certain resource and those resources have inherent distinct capacities, a sim-
ilarity can be detected between those aspects. As the original purposes of the
two metamodels strongly differ, no other similarities can be figured out. In sum-
mary, the analysis of the both metamodels shows that the suggested possible
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connection point of the Activity and the Service element can be confirmed and
implemented in the SMF editor.
Following [44], the “specification of method requirements” is outlined in the
introduction in Sect. 1 and the “construction of the basic method components” is
conducted through the cited literature of Sects. 2 and 3. Subsequently, the paper
now proceeds with the “assembly” by determining the order of the components,
identifying the connection point, i.e. the product of the first component that con-
stitutes the source for the second one, and merging both. The engineering of an
alternative before evaluating it implies the order of the components. Moreover,
an iterative loop is obligatory until all possible alternatives are calculated. Con-
nection point between the two components is the process model of the composite
service that is the output of the construction system, as it is simultaneously the
input for the transformation model for the later simulation. Information can be
interchanged via the CSM. The final result is shown in Fig. 6.
The final method starts with the determination of customer requirements and
the selection of the process or composite service from the repository that is to
be (re-)planned. After selecting the process steps or sub-services, which are to
be alternated and analyzed, the loop iteration starts. When no alternatives are
available, an empty list of alternatives is presented to the user. As long as alter-
natives are still available, for every chosen (sub-)service all available alternatives
from its category in the catalog are selected to create a new composite service
in the construction system. With the derived description of the composite ser-
vice, the engineering of the process alternative is conducted and a process model
is created as the output of the first method component. The process model as the
source of the generic simulation approach, is transformed into the transformation
model, enriched with necessary simulation parameters, which could be analyzed
and inserted from former operation statistics (like service profiles of [47]) to fully
automate the method. Subsequently, the simulation is conducted in order to eval-
uate the composite service alternative. If the customer’s requirements are met by
the current alternative, it is added to the list that will be shown to the user later on.
If not, the procedure continues without saving. If all available possibilities within
one category for a specific sub-service are evaluated, the next sub-service is cho-
sen to be alternated. After all sub-services have been alternated and all possible
process alternatives have been evaluated, the final list with all alternatives, which
meet the given customers requirements, is presented to the user. Sorted by its pref-
erences (e.g. SLA, lead time, costs), the user could choose its favored alternative
that is to be implemented afterward.
A simple use case could be a customer that is unsatisfied with the current per-
formance of its supply chain that was planned by the logistics integrator. By ana-
lyzing the current performance parameters the lack in a certain transportation and
a packing services is revealed. Hence, the integrator selects those services within
the supply chain that are to be alternated and the resulting alternatives that are to
be evaluated regarding the customers required performance parameters. Another
use case could be a disturbance within a supply chain through an insolvency of
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Fig. 6. Activity diagram of the resulting method.
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one LSP within the network. Hence, cheap and/or reliable alternative LSPs are
to be found for the affected supply chain processes.
5 Conclusion
Tactical planning of composite services in logistics networks is a challenging
task because of the ongoing outsourcing trend. This results in the combination
of logistics services from different LSP with heterogeneous service descriptions.
This task is further complicated by the distribution of essential information to
distinct models. Planning thus depends strongly on the combination of infor-
mation from several sources. As current planning approaches in literature lack
in a specific description on how to create process alternatives that are evalu-
ated afterward, this paper presented a new method for automated engineering
and evaluation of process alternatives in tactical logistics planning. Further, the
challenging task of combining the required information from different models is
solved. The method consists of two basic concepts, the service map as a combined
catalog and construction approach for service engineering and a generic simula-
tion approach for evaluation. Both concepts are designed especially for working
in an environment of heterogeneous service descriptions and process models. By
combining both concepts through a model-driven approach, the basis for inter-
weaving the contained information is ensured. With the process model of [44] for
assembling methods from sub-components, an associated method for combined
engineering and evaluation of composite service is finally developed.
Academic implication of the current article is a first method towards auto-
mated and integrated engineering and evaluation of composite services alter-
natives or process alternatives in the heterogeneous field of logistics. Current
literature about planning in logistics does only propose to create several alter-
natives and to evaluate them, but does not provide explicit methods on how to
do so. Hence, the current paper also aims at motivating further research by the
community in the field of IT-enabled support of planning activities in complex
service networks.
Managerial implications cover the development of interest in (semi-)automated
planning support and the creation of sensibility for benefits in terms of time and
quality resulting from a possible automation. Further, cited references could be
used to gain deeper understanding in particular fields of interest.
Limitations of our approach can be found in the focus on one specific model-
ing framework, i.e. the Ecore metametamodel. However, it is based on the EMOF
constraints and thus, it is transferable to other modeling frameworks as well.
With this in mind, future work could cover a transfer to other platforms.
Further, a refinement and the development of differing approaches of the auto-
mated engineering of process alternatives appears to be an interesting field of
research. An evaluation with sample data from real life case studies is an urgent
topic for upcoming research.
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8.2 Executive Summary
The paper demonstrates the application of the service map concept in the context
of tactical planning of logistics services. A method for (semi-)automated engineering
and evaluation of different alternatives of composite logistics services is engineered.
Via a metamodeling approach [Atkinson and Kühne, 2003], two basic components are
brought together, i.e. service map for engineering of new service alternatives and a
simulation approach for the evaluation of those alternatives afterwards. Method en-
gineering [Ralyté and Rolland, 2001; Castano and Antonellis, 1993] is used to design
a (semi-)automated comprehensive approach. The paper answers no particular re-
search question of the thesis but gives a first application example of one of the core
components.
The presented method fills the lack in concreteness of planning methods for tactical
logistics process planning in literature. The systematic creation of distinct process
alternatives in particular is not part of existing planning methods, neither is their
(semi-)automated evaluation. The approach presented in this paper is based on a
combined catalog and construction system (for engineering) and a generic simulation
approach (for evaluation) that are able to handle the variety of service descriptions in
logistics. The basic artifacts are presented and connected by a model-driven approach
afterwards. Finally, a method is developed to facilitate a semi-automated engineering
and evaluation of process alternatives. The method is presented in Figure 8.1
In terms of contribution type level (see Table 1.2) and the kind of knowledge con-
tribution (see Table 1.9), the artifact of the paper can be characterized as follows:
The developed method is based on existing artifacts from the context of service en-
gineering and management, and process simulation. The solution helps to facilitate
(semi-)automated tactical planning in logistics and thus the artifact embodies an im-
provement. The engineered method can be used to solve a range of problems. Hence,
it is located on the second contribution type level.
This paper presents an example of application of the service map concept. The
results are not further used in the context of other papers of the thesis.
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Fig. 6. Activity diagram of the resulting method.
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Figure 8.1: Activity diagram of the resulting method.
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paradigm: a definition of ‘cloud logistics’ and foundational artifacts for the engineering of 
generic modular cloud logistics services as well as for the management of those services. 
Finally, a prototypical implementation is presented. 
Research limitations/implications – Next to the development of a comprehensive conceptual 
framework of cloud logistics, the integration of two existing layer streams, i.e. computing and 
resource centric, into one framework is an important achievement. An initial set of artifacts 
has been developed, creating a starting point for future research on cloud logistics and 
digitalized supply chains. 
Practical implications – Practitioners get an overview of the potential and possibilities of the 
cloud logistics paradigm. 
Originality/Value – The paper contains a first comprehensive conceptual framework as well 
as a first scientific definition of cloud logistics. 
Keywords: Cloud Logistics, Service Blueprint, Service Map, Ontology, Design Science 
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Introduction 
The digital shift in the industry, known as industry 4.0 or smart manufacturing, influences all 
aspects such as design, manufacturing and delivery of products [1] as well as whole business 
models towards a digital business strategy [2] by combined digital technology and operation 
capabilities in a well-integrated way in order to increase revenues by sophisticated customer 
experience [3]. This shift towards digitalization within particular companies and industries as 
well as within their connections also implies impact and changes to the connecting supply 
chain management and the logistics operation in those networks [4], which is – in relation to 
the term industry 4.0 – defined as Supply Chain Management 4.0 (SCM 4.0) [5] that 
particularly focuses on the digital interconnection of the several supply chain parties and 
logistics service providers. Hence, one of the resulting essential challenges is the digital 
interconnection of the logistics service providers (LSP) maintaining the operational physical 
connection of the supply chain members. As only little research is done on the impacts of 
industry 4.0 on supply chain aspects [6] and further, [7] encourage SCM researchers to tackle 
underrepresented research topics a rather young research approach in the field of digitalized 
logistics is introduced: one promising approach of a digitalized interconnection of LSP is the 
paradigm of ‘cloud logistics’ [8] that adopts basic cloud computing principles, such as 
resource virtualization and encapsulation in reusable modular services, to the logistics 
industry in order to facilitate planning aspects and thus to digitalize physical logistics 
resources and make them compatible and easy connectable. In the following the parallels 
between cloud computing and logistics are presented in order to give an understanding of the 
basic principles of cloud logistics. 
Cloud computing (CC) describes a paradigm for the provision and usage of computing 
resources over a network, summarizing almost any solution that builds on outsourced hosting 
and provisioning of hardware and software resources. The technologies cloud computing is 
Page 2 of 45International Journal of Physical Distribution & Logistics Management
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
9 Consolidation and Research Roadmap 143
International Journal of Physical Distribution & Logistics M
anagem
ent
3 
 
based on (e.g. distributed software systems, virtualization of resources and service-oriented 
architecture) have existed before the term ‘cloud computing’ had come into existence. 
However, the paradigm of cloud computing provides a stable set of principles, definitions, 
and functionality that made it a disruptive technology and game changer in the computing 
industry [9, 10]. In particular, the notion of services as a basic unit of resource abstraction has 
gained momentum within cloud computing. Services are self-contained entities that 
encapsulate functionality and can be invoked on demand by standard interfaces [11]. They are 
the building blocks for designing composite solutions. The widely accepted NIST definition 
[12] of cloud computing summarizes in its cloud model, that three distinct service models can 
be abstracted: software, platform and infrastructure as a service (SaaS, PaaS and IaaS). 
Services can also be provided in four service deployment models: private, hosted private, 
community and public. They contain essential characteristics such as on-demand access via 
standardized network interfaces and instead of a fixed allocation of resources, cloud services 
can be pooled dynamically, leading to rapid elasticity and economies of scale. 
Cloud computing has received high acceptance in the computing industry, changing the roles 
of computing resources on multiple levels. Due to easy resource virtualization, infrastructure 
services have become commodities with a low level of differentiation opportunities leading to 
high competition and low customer loyalty [13]. Storage and computing can even be used free 
of charge, i.e. Dropbox1 or Amazon Elastic Cloud2. Today, software services can be highly 
customized and integrated towards customer demands, offering new ways for differentiation 
and adoption. With broad access over standard network interfaces, new customer segments 
can be entered, i.e. for specialized applications. This has led to some major organizational 
changes in corporations. IT departments no longer manage their own computing centers. 
Instead they are responsible for selecting, contracting, monitoring externally provided 
                                                
1 https://www.dropbox.com 
2 https://aws.amazon.com 
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services, and ensuring that respective service providers meet required governance standards 
and service level agreements.  
Not only has cloud computing changed the computing industry, but its design principles have 
also initiated the transformation of other industries, such as logistics. Logistics [14] is defined 
as the function of planning, implementing, and controlling the efficient and effective flow of 
goods and information from point of origin to point of consumption. Its objective is the 
transformation of goods in several dimensions, e.g. space, time, and quality according to 
customers’ demands. Driven by globalization, customer individualization and modern 
production concepts, such as just-in-time delivery and synchro-modality, logistics has become 
one of the largest service sectors in many countries over the last several years [15]. 
Subsequently, it has experienced tremendous change (e.g. by the digitalization of 
manufacturing industry [1, 4]); thereby a number of similarities can be recognized between 
computing and logistics services. 
Logistics services are offered in various levels of abstraction in different service models. 
Basic services, such as transportation or warehousing – so-called second party logistics 
services (2PL) – comprise infrastructural services. More advanced services – so-called third 
party logistics services – build up on those basic services, combine them with value-added 
services (such as sequencing, labeling or customs), and are highly geared towards customer 
demands. Succeeding those are the so-called fourth party logistics services, which focus on 
planning and coordination activities of virtualized logistics services without asset binding. 
Typically, logistics resources that are actually used for accomplishing a certain task are 
invisible, e.g. which truck transports which freight on which transport. 
From an organizational and deployment point, further parallels between logistics and cloud 
computing can be observed. In the past, most manufacturing companies operated an on 
premise logistics department utilizing their own systems and assets. Recently, more 
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operational and repetitive services in logistics have been  outsourced [15] and logistics 
services are being offered on customer premises based on tenders, i.e. logistics service 
providers work within the manufacturer’s factory (private use), on external premises for 
exclusive use by a customer (hosted private use), or externally for usage by a limited network 
(community use) or the general public (public use). Consequentially, modern corporate 
logistics departments end up fulfilling coordinative functions; managing tenders, service 
providers and service levels instead of owned assets. Furthermore, cloud and logistics services 
follow a similar provisioning model, as illustrated in Figure 1, facing similar requirements. 
They are asked to support rapid provisioning, flexible pricing, elastic scaling and resilience. 
Additionally, in order to remain competitive, they need to provide opportunities for 
collaboration and integration in the division of labor while simultaneously focusing  on core 
competencies [15] and advanced digitization [16, 17]. 
 
Figure 1: Cloud and logistics service provisioning models. 
However, contrary to cloud computing, logistics currently lacks the fundamental design 
principles to organize systems and suffers from poor communication which leads to the 
failure of logistics outsourcing partnerships [18]. Those aspects also explain why more 
complex and sophisticated logistics services that are more strategic, IT-intensive, and/or 
customer-facing are less likely to be outsourced [15] and thus, why logistics as an important 
part of SCM needs improvement in digitalization. Logistics services need to be modelled 
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more similarly to cloud services as access and monitoring interfaces are currently not as 
stable. Further, resource virtualization and scalability cannot be utilized to their full extent, as 
service composition doesn’t contain stable service structure and categorization to build upon. 
Short: standardized modules as a basic platform to connect sensors and analytics, as basic 
parts of digitalization, are missing. Therefore, we propose to integrate the principles of cloud 
computing with the characteristics of the logistics service sector. Thus, the central research 
question is reached:  
“How should a logistics service system be designed as to adopt cloud principles?”  
To answer this, we begin by structuring the problem domain and describing the theoretical 
background. Next, we present our conceptual model of cloud logistics (CL) with artifacts: a 
cloud logistics service blueprint that embodies the essential flows and transformations of the 
logistics domain by means of a logistics service, and a logistics service map that structures 
and categorizes logistics services based on an according metamodel. Finally, we evaluate the 
developed conceptual model based on a use case of an international operating logistics 
company. 
Methodology 
In order to answer the presented question, a design science approach of Hevner et al. [19, 20] 
is used. Relevance is shown by motivating and evaluating the developed artifacts with 
practical examples. Rigor is granted by applying approved frameworks and methods from the 
information systems (IS) field. Figure 2 provides the methodological outline and structure of 
the paper. The leading framework used is the design oriented information systems research of 
Österle et al. [21] with the phases of problem analysis, artifact design, evaluation, and 
diffusion. The problem is decomposed into service landscape and service map in order to 
develop separate artifacts for distinct parts of the problem. The analysis phase uses the state of 
the art and the existing literature stream in order to define and structure the problem. During 
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subsequent phases, artifact design heuristics are incorporated to develop solution components 
that meet the requirements from the analysis. 
 
Figure 2: Methodological Framework with integrated Methods and the resulting Structure of the Research. 
Analysis focuses on the outlining of the problem space [22] with givens, goals and 
operations [23]. Existing CL literature is used to conceptualize the topic and to carve out 
specific research gaps and requirements using a systematic literature review [24]. Problem-
structuring heuristics [25, 26] are taken into account in order to give a working definition of 
CL and split the formulated problem into two sub problems. 
The design phase solves the two sub problems with regards to the artifact design heuristics of 
analogical design [27], ideation, prototyping, and modeling [28, 29]. The first block focuses 
on the conceptualization of the logistics service landscape by developing the basic cloud 
logistics service blueprints (using the methods of extended service blueprinting [30], domain 
engineering [31], and general morphological analysis [32]) as well as the service granularity 
framework with the help of another systematic literature review [24]. In addition, a map is 
developed in order to navigate in the landscape of CL with the help of conceptual modeling 
[28, 29] and metamodeling [33].  
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For evaluation purposes, the recommendations of Briggs et al. [34] are followed, taking real 
life processes into account and formulating a prototype. The leading method of evaluation is 
Venable et al.’s framework for evaluation in design science research (FEDS) [35] ,along with 
a few aspects of Peffers et al.’s [36] methods. 
Diffusion has been accomplished by publications on some of the presented artifacts (see [37–
39]). Further, it is supported by the integration of the results into the existing state of the art, 
the discussion of implications for researchers and practitioners, and in the discussion of future 
research issues of CL, as well. 
Stream of Research - Outline 
The cloud principles – from computing to logistics 
As indicated in the introduction, cloud and logistics services have similar characteristics and 
share similar visions. Despite the similarities, logistics lacks the definitions and models that 
cloud computing has already achieved. Therefore, we propose translating cloud characteristics 
to logistics services. The following text will compare logistics against cloud characteristics in 
order to provide a stable theoretical background for our conceptual model. Due to the large 
number of existing definitions, we utilized the cloud characteristics collected by Vaquero to 
compare the most common approaches to defining cloud computing [40]. Vaquero’s 
characteristics are: user access, resource heterogeneity, virtualization and sharing, 
standardization, scalability and resource optimization, payment model, and service level 
agreements (SLA). Table 1 summarizes how these characteristics apply to cloud and logistics 
services respectively.  
As a minimum, the characteristics of scalability, the pay-per-use utility model and 
virtualization must be taken into account when defining a model that translates cloud 
characteristics [40] to logistics. In order to further theorize our approach, we have adopted the 
term Cloud Logistics (CL) [44] as an integrated concept that implements cloud principles for 
Page 8 of 45International Journal of Physical Distribution & Logistics Management
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
9 Consolidation and Research Roadmap 149
International Journal of Physical Distribution & Logistics M
anagem
ent
9 
 
logistics service systems design. In order to get an overview of the state of the art, a 
systematic literature review [24] has been conducted.  
Table 1: Comparison and translation of principles from cloud computing services to logistics services. 
Characteristics Cloud Services Logistics Services 
User access  Easy and transparent access for end 
users due to standardized interfaces 
and self-configuration mechanisms. 
Access is mainly a manual task. Easier self-access and 
reconfiguration can be achieved by adding stable 
interface definitions as outlined below. 
Resource 
heterogeneity, 
virtualization 
and sharing 
Interfaces hide the heterogeneity of 
hardware resources (such as CPU, 
storage) and software resources 
(such as operating or application 
systems). This virtualization 
enables resource sharing by 
overcoming the isolation of 
dedicated resources. 
The actual operation of logistics services (such as 
transportation or transport management) is regularly 
outsourced to additional providers. Hence, the 
‘hardware’ (such as trucks) and the ‘software’ (such as 
tools and knowledge) of logistics can also be hidden 
behind certain kinds of interface. Their virtualization 
holds a lot of potential for more flexible usage and 
sharing of resources. Especially, homogeneous assets, 
like trucks or management systems of which are 
predestined for shared usage. 
Standardization To support on-demand usage, cloud 
services are largely characterized 
by standardization in accessing 
resources, reaching interoperability, 
and enabling scalability. 
Logistics is a domain that has experienced dramatic 
changes due to the introduction of standardization, i.e. 
sea ship containers, EDI standards etc. However a 
conceptual standardization of logistics services lags 
behind in terms of usability, e.g. SCOR being too 
generic and not adaptable nor practical [41]. 
Scalability and 
resource 
optimization 
Cloud services provide scalability 
based on virtualized hardware 
resources and dynamic 
reconfiguration [42]. Available 
computing resources limit 
scalability. Resource optimization 
follows dedicated rules that 
determine how resources are 
optimally shared between users. 
As daily practice, scalability in logistics services is 
achieved by adding additional logistics resources (e.g. 
further trucks). However, this can only be achieved by 
introducing standard interfaces that allow automated 
scaling by contracting logistics operators on demand. 
Similar to cloud services, scalability is limited in reach 
by available resources and physical distance. 
Optimization of virtualized resources is controlled by 
rules that can be set to prioritizing certain customers or 
maximizing utilization, i.e. of freight spaces. 
Payment model Cloud services are usually billed by 
pay-per-use model. This can also be 
related to different SLA. 
Logistics can be billed by pay-per-use as well. This is 
based on distances, number of entities, or duration. 
Service Level 
Agreements 
Quality of services is guaranteed as 
defined in SLA. This forms an 
inherent feature of many cloud 
service offerings, e.g. Amazon. 
Customization is possible, but 
obviously varies [43]. 
Defining quality is a main aspect of logistics services. 
However, currently these qualities are outlined in 
arbitrary formats and bilateral contracts. Formalized 
SLA for logistics services would dramatically extend 
rapid enactment and resource allocation.  
 
State of the art of cloud logistics 
Methodological remarks concern modern technology and its influences on the conduction of 
research by the vast amount of information that’s available within mere seconds of a database 
query. With so much information, the accomplishment of a ‘comprehensive’ literature 
analysis and synthesis stretches human perception beyond its limits. Therefore, in order to 
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focus on a reasonable amount of high quality publications, the strategy suggested by vom 
Brocke et al. was used, which first focuses on the most seminal publications within a field and 
then uses those publications in a backwards search to build a body of literature [24].  
When searching the keywords ‘cloud logistics’ via google scholar, approximately 27.500 
articles came up. Hence, the search criterion was narrowed down to publications with the 
exact term in the title, as to find papers with a deep focus on the topic. The analysis comprised 
seminal work that recognized CL as a disruptive paradigm and not just as a usage of CC in the 
logistics domain. Thirteen papers make up the seminal work in the field of CL and are 
complemented by an additional two papers, found through forward and backward searches as 
shown in Table 2. Consequently, it can be confirmed that CL is still a research topic in its 
infancy and requires further attention as discussed by Delfmann et al. [44] 
Table 2: Results of database search for papers with 'cloud logistics' in title. 
database re
su
lt
 
in
cl
ud
ed
 
20
10
 
20
11
 
20
12
 
20
13
 
20
14
 
20
15
 
20
16
 
google scholar 
www.scholar.google.com 59 9 1 - - - 5 2 1 
Springerlink 
link.springer.com 19 2 - - 1 1 - - - 
Science Direct 
www.sciencedirect.com 6 1 - - - 1 - - - 
IEEE Xplore 
Ieeexplore.ieee.org 6 3 - - 2 - 1 1 - 
Web of Science 
Apps.webofknowledge.com 1 0 - - - - - - - 
Emerald Insight 
www.emeraldinsight.com 0 0 - - - - - - - 
ACM 
dl.acm.org 0 0 - - - - - - - 
Forward and Backward 2 2 1 1 - - - - - 
Total 93 15 2 1 3 2 6 3 1 
 
The resulting insights on conceptualization are organized into 4 categories:  
(1) Concerning a Definition of CL, most publications refer to either Holtkamp et al. [45] or Li 
et al. [46] (of whom also refers to Holtkamp et al.). Interestingly, Holtkamp et al. do not give 
a proper definition of CL, but describe the strong influence of cloud principles on the logistics 
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domain. Therefore, a proper definition is missing. Common characteristics involve the 
virtualization of physical resources to logical (virtual) resources and their encapsulation 
within distinct logistics services.  
(2) Layers of CL are of different numbers (3-6) and characteristics (IaaS/PaaS/SaaS [41, 45, 
47, 48] and/or physical/virtual/service [41, 46, 49–53]).  
(3) Virtualization is realized by approaches, which are  semantic-oriented [45, 46, 48, 52], 
object-oriented [51, 52] or categorization-oriented [41, 46, 50, 52].  
(4) Encapsulation builds upon already described service models [41, 47, 54], offers first ideas 
for interfaces [41, 45, 47, 51], and XML-based descriptions [41, 45–47, 51]. Even the idea of 
generic building blocks is introduced: publications [45, 51] focus on building blocks of the 
entities within logistics systems but not of the services, and [47] describes cloud blueprints. 
After aggregating those categories it is clear that the knowledge gained needs to be 
synthesized and further fostered with insights from literature in order to contribute to current 
state of the art on CL, and to make the state of the art concrete and valuable to researchers and 
practitioners. 
Definition of Cloud Logistics 
Based off of the first insight, a working definition of cloud logistics is developed utilizing the 
cloud computing definition of NIST [38]: 
Cloud Logistics is a model, based on and inspired by the paradigm of cloud computing, for 
enabling ubiquitous, convenient, on-demand network access to a shared pool of configurable 
and virtualized logistics resources (e.g. means of transportation, warehouses, domain-specific 
knowledge, logistics applications) that can be rapidly provisioned and released with minimal 
management effort or service provider interaction.  
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This cloud model is composed of the five essential characteristics of cloud computing (on-
demand self-service, broad network access, resource pooling, rapid elasticity, and measured 
service), but is adjusted respective to the  more physical character of logistics. This 
adjustment comprises: a location dependency of services, up-to-date knowledge of current 
location, and a lower elasticity due to time consumption for allocation of physical resources. 
The domain-specific layer, Logistics-as-a-Service (LaaS), is added to the CC service models. 
The consumer gains capabilities in provisioning transport, storage, handling, knowledge and 
other fundamental logistics resources where the consumer is able to ship, convey and 
transform both physical and non-physical, i.e. informational, logistics entities. The logistics 
resources are purchasable through interfaces combining GUI and/or API. The consumer does 
not manage or control the underlying logistics infrastructure, but has control over the source 
and sink location, the transformation of the entities shipped, as well as control over the 
configuration settings for the transformation-enabling environment. 
The deployment of LaaS, results in different business models of Logistics Service Providers 
(LSP): public cloud (for networks), private cloud (for big LSP with a comprehensive service 
portfolio), and hybrid (for participation of big LSP in networks or as the basis of the business 
model for big LSP to become a Lead Logistics Provider (LLP)). 
The Layers of CL  
According to the previous analysis, the layers are twofold. Subsequently, a Framework of 
Cloud Logistics is derived that combines both perspectives. It is mainly inspired by the 
Supply Chain-as-a-Service (SCaaS) framework of [41] that is modified and extended, as seen 
in Figure 3. 
The virtualization of computing resources is adapted to (mostly physical) logistics resources. 
By encapsulating them, logistics services gain shape and can then can be freely combined. 
The foundation for such a flexible modular collaboration is the building blocks concept, as 
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known as Logistics-as-a-Service (LaaS) [55] (which are also inspired by the BPaaS approach 
[56, 57]). LaaS describes the essential flows and transformations of the logistics domain in 
order to virtualize resources from different providers to compatible modular cloud logistics 
services. The objective is always the transformation or manipulation of certain objects. 
Heeding [54], an integrated view is supported by following the approach of service 
blueprinting for engineering cloud logistics as a product service system. 
 
Figure 3: Framework of Cloud Logistics, adapted and extended from Leukel and Scheuermann [55]. 
Virtualization and Encapsulation – Research Questions 
After defining CL and integrating it into the existing framework of CC with the extension of a 
domain-specific layer, the core principles of resource virtualization and their encapsulation 
within services, i.e. LaaS, are challenging tasks. As previously stated, there are multiple 
general approaches, but no comprehensive and complete method regarding virtualization of 
resources and their encapsulation within reusable modules. It lacks an easily connectable 
‘Lego Brick’ system of logistics services and a useful practice-oriented approach for their 
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management. Promising methodologies in terms of reusability and inter-connectability are the 
semantic-driven virtualizations [45, 46] and the encapsulation in XML-based cloud blueprints 
[47]. Now, these approaches are to be refined, connected, and transformed to the logistics 
domain. 
Researchers haven’t investigated the management of CL services either. The application of 
the ‘Lego Brick’ system must be based on standardized building blocks that integrate 
computer and logistics resources. The results are a twofold challenge for engineering and 
management of CL: (1) The description of the ‘landscape’ of CL service in terms of semantic-
based cloud logistics service blueprints (i.e. the engineering) must be developed. (2) The 
description of the ‘map’ of such blueprints that facilitate retrieval and composition (i.e. the 
management) must be generated. Based on these prerequisites, several research questions 
arise: 
1. What are suitable ways to semantically virtualize logistics services? 
2. What are suitable modules that encapsulate cloud logistics service blueprints? 
3. What is a suitable concept for the retrieval and composition of cloud logistics service 
blueprints? 
Conceptual Model 
In this section, the artifacts from the conceptual modeling of CL will be presented. The first 
part focuses on the research regarding the semantic description of logistics services in order to 
facilitate virtualization, on-demand access, and connections of logistics resources from 
different LSP creating easy access, scalability, and inter-connectability. The resulting research 
will be integrated into the Lego Bricks of Cloud Logistics concept inspired by cloud 
blueprinting, generating easy user access. The second portion involves the development of a 
conceptual model for the management of Cloud Logistics Service Blueprints in terms of a 
logistics service map and introduces its metamodel. 
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The Service Landscape - Engineering 
This sub-section will focus on the virtualization of logistics resources in terms of a semantic 
description and their encapsulation within a conceptual service description model. 
Ontology Design Pattern for Logistics Services 
The semantic description of logistics services offers the possibility of integrating data and 
knowledge from different LSP in order to enable CL. An important advantage of semantic 
web techniques for knowledge representation and reasoning, is the bridging of the gap 
between concepts, syntax and vocabulary [58] of different LSP [59]. Thus, logistics is turned 
into an open and collaborative space. Different LSP can be integrated faster and more flexibly 
[59], which facilitates planning and re-scheduling activities in cases of uncertainties [60]. 
Further, implicit knowledge can be discovered by reasoning [58]. Ontologies are an 
appropriate way of managing and representing knowledge, making it accessible and 
understandable to both human beings and machines. They enable the formal naming and 
definition of objects, properties, and their interrelations [58, 61]. The approach of the 
Ontology Design Pattern (ODP) [62] is used to facilitate ontology engineering by creating 
reusable artifacts with varying purposes [63], e.g. content ODP, reengineering ODP, logical 
ODP, etc.3 The advantage of ODP is [62] that Ontology engineers can then draw on those 
patterns to reduce time and mistakes during the ontology creation process. Additionally, 
design and communication is easier for both knowledge engineers and domain experts. 
Hence, ontology integration is facilitated. ODP has proved [64] to be perceived as useful, 
improving the ontology quality, increasing the task coverage, enhancing usability, and  in 
avoiding common modelling mistakes.  
ODP forms a trunk ontology of logical structure or domain-specific knowledge, which is to be 
extended and further filled with classes, objects, properties and individuals according to the 
                                                
3 http://ontologydesignpatterns.org 
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specific problem and context. In order to model domain specific concepts, the type of ‘content 
ODP’(CP) is appropriate [65]. 
The semantic web community has not paid much attention to the logistics domain yet. Even 
though the review of Scheuermann and Leukel [66] reveals there are existing ontologies in 
literature dealing with logistics aspects, none of them fulfills the requirements of linked data 
of the W3C-standard4 as there are no URI (unified resource identifier) nor machine readable 
XML files. The existing ontologies are customized and cannot be re-used due to proprietary 
formats, thus, they are neither standardized nor inter-linkable. The existing conceptual 
overlaps from frequently used concepts in the few found ontologies can be seen as important 
domain-specific aspects that are to be integrated into a CP of logistics services.  
Ontology engineering methods can be applied to the development of ODP as they are a kind 
of blank ontology. The leading approach used is the NeOn methodology [67] combined with 
the approach of a CP definition [65]: Begin by posing competency questions in order to 
specify requirements, and then use the requirements to analyze, assess and select concepts. 
Those concepts can be found in existing ODP, existing logistics ontologies concepts, and non-
ontological concepts of the logistics domain. Afterwards, they are merged and the essential 
aspects of logistics services are extracted in order to develop the final ODP for logistics 
services. The ODP is presented in terms of a schematic view, conceptualization, and 
formalization. 
Related ODP that are re-used are the following: time interval CP5 [68], material 
transformation CP6 [69], and TransportPattern7 [70]. Related ontologies of logistics and 
supply chain management are taken from the review of [66] that discusses 16 ontologies. 
Through further search activities, another 12 papers were discovered presenting concepts on 
                                                
4 https://www.w3.org/standards/semanticweb/data 
5 http://www.ontologydesignpatterns.org/cp/owl/timeinterval.owl 
6 http://www.ontologydesignpatterns.org/wiki/Submissions:Material Transformation 
7 https://wiki.auckland.ac.nz/download/attachments/52016791/TransportPattern.owl 
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the domain of focus. The extracted essential concepts for an ODP on logistics services are 
presented in the following: 
• A distinction into physical resources and informational resources can be found in [46, 
71–74]. Informational resources are detailed into documents and information systems. 
Physical resources, such as transportation and manpower [75, 76], are abstracted into 
capabilities, and  functional and unfunctional [sic] parameters [52].  
•  Logistics objects that can be contained by other logistics objects are described [45, 51, 
77, 78]. They are seen as passive entities (goods or passive resources such as packaging 
or containers) that are transformed by active entities (active resources such as trucks or 
information systems). Another paper introduces the concept of an agent that is acting on 
an entity with the help of distinct equipment [79]. From this point of view, a distinction 
between active resources (acting agents) and passive resources (used equipment) can be 
derived. 
• Performance measures and logistics KPI are outlined in the publications of [72, 75, 77, 
78, 80].  
• Location as a crucial aspect of logistics is emphasized by [74, 77, 79].  
• Time plays a crucial role in all logistics activities [74, 81]. 
• Different Roles and Stakeholders are described in [74, 75, 77, 80].  
• Objectives of logistics are refined into social, environmental and economic [80].  
• Input and output of logistics activities are outlined and partly refined into resources, 
materials, and information [82]. 
• Policies are integrated by [81].  
• Distinct goods are described in the approach of [83]. 
Additionally, non-ontological concepts, i.e. general domain-independent service models and 
essential domain-specific logistics characteristics, are integrated into the logistics service 
ODP. Hoxha et al. [75] outline a basic model of a logistics service with inputs and outputs as 
well as preconditions and results (i.e. conditions, constraints, effects). General service 
definitions, such as [84, 85], describe the application of knowledge and skills, and the usage 
of resources within activities or processes with the aim of generating benefits for another 
entity or for the entity itself. Also, the immediate interaction with the receiving entity in order 
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to solve an existing problem is outlined. Shortly, service is briefly defined as the usage of 
resources for the benefit of an entity. Subsequently, the following aspects are conceptualized 
for the logistics domain: resources, benefits (transformation of conditions), and interactions 
(input and output). 
 Furthermore, aspects of the logistics domain are taken into account as essential concepts of a 
logistics service ODP. Basic flows of logistics comprise informational flow and physical flow 
[14] as well as the flow of control [70] in terms of the CL paradigm. Logistics experts 
frequently describe logistics using the 7-rights [86] that reflect the basic objectives of 
successful logistics activities, which are to deliver: the right product, with the right 
information, to the right location, in the right time, in the right quality, in the right quantity, 
for the right price. As logistics is responsible to deliver those aspects in the 'right' way, it must 
possess the ability to control those aspects. The manipulation of those aspects implies their 
transformation during the provisioning of logistics service concerning the customers' 
demands and requirements. Legal constraints are also important to the logistics domain, e.g. 
permission to handle dangerous goods [87], or the legal regulations regarding the allowed 
period of driving and rest during road transport [88]. Subsequent, the presented concepts are 
merged into one design pattern. 
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Figure 4: Schematic view of the ontology design pattern for logistics services. 
The developed ODP, presented in Figure 4, can be found online8 in a formalized way9 in 
OWL 2 Web Ontology Language10 [89]. The central object is the LogisticsService, which can 
be consumed by itself in terms of incorporation of sub-logistics services. Resources with a 
distinct Character and Capacity are consumed during service provision and enable a certain 
Flow and Transformation. LogisticsServices are measured by ServiceLevelAgreements and 
constrained by Mandatory (e.g. legal regulations) and Non-Mandatory Constraints. Resources 
are distinguished in two ways: on the one hand, they can be described as physical (e.g. staff, 
forklifts, trucks, and containers) or informational (e.g. warehouse management system 
(WMS), pick list). On the other, resources can be classified as active and able to perform 
certain transformations (e.g. forklift, WMS), or as passive and used to carry goods or 
information (e.g. container, pick list).  Several axioms are presented in description logic [90] 
in order to enable better reasoning:  
(1) Flow ⊑ isPerformedBy.Resource ⊓ hasCharacter.Active 
(2) LogisticsService ⊑ ∀isConnectedBy.Information ⊓ ∀isConnectedBy.Control 
                                                
8 https://github.com/Michael-Gloeckner/LoSe_ODP 
9 https://github.com/Michael-Gloeckner/LoSe_ODP/blob/master/LoSe_ODP.owl 
10 https://www.w3.org/TR/owl2-overview/ 
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(3) Information ⊔ Control ⊑ isPerformedBy.Resource ⊓ hasCharacter.Informational 
(4) Good ⊑ isPerformedBy.Resource ⊓ hasCharacter.Physical 
(5) Transformation ⊑ isPerformedBy.Resource ⊓ hasCharacter.Active 
(6) Capability ⊑ ⩾ 1 hasTransformation.Transformation 
(7) LogisticsService ⊑ ⩾ 1 hasCapability.Capability 
(8) Informational ≡ ¬Physical 
(9) Active ≡ ¬Passive 
With resources, LogisticsServices perform transformations. Flows connect them with each 
other and require active resources (see axiom 1). Information and Control are obligatory (see 
axiom 2). Both obligatory flows are performed by informational resources (see axiom 3). The 
flow of goods is performed by physical resources (see axiom 4). Transformations are 
performed by active resources (see axiom 5). The capability of a LogisticsService always 
consists of at least one transformation (see axiom 6). One LogisticsService is always capable 
of at least one capability (see axiom 7). Through transitivity, the conclusion that every 
LogisticsService has to incorporate at least 1 active resource can be drawn (axioms 5 - 7). 
Resources with an active character (such as trucks, fork lifts, conveyor and sorting machines) 
are able to move goods actively or transform information actively (such as Transport 
Management Systems). Resources with a passive character are entities that contain goods 
(such as packaging or containers) or information (such as documents, pick lists, contracts). 
Constraints that are Mandatory (e.g. laws, permissions, regulations) or of other objectives 
(e.g. ecological or social objectives, such as CO2-reduced) influence the LogisticsServices. 
The character of a resource can be either informational or physical (see axiom 8) or either 
active or passive (see axiom 9).  
In summary, with the help of the ODP, the resources underlying the logistics services can be 
virtualized. With simple ‘sameAs’ properties, connections can be established, resources from 
different LSP virtualized and the semantic gap bridged. This semantic core is wrapped into a 
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conceptual model of generic blueprints, constructing a more user-friendly and understandable 
building block approach of logistics services, even for non-skilled LSP. 
Engineering Method for Cloud Logistics Service Blueprints 
With the help of several methods, the generic concept of cloud logistics service blueprints 
(CLSB) is developed. This comprises: the extended service blueprinting [30] for the general 
incorporation of human- and machine based service aspects; domain engineering [31] in order 
to find common and varying domain-specific points for engineering; and general 
morphological analysis [32] to structure the multidimensional problem complex and identify 
the possible spectrum of aspects. Further, artifact design heuristic of analogical design [27] is 
used to adopt the concept of cloud blueprints of Papazoglou [47] to the logistics domain. 
Cloud Logistics Service Blueprints 
The CLSB are virtual representations of the real logistics services offered by several LSP of 
the network. The objective is to connect services from several providers easily during 
planning, re-scheduling, etc., by their virtual representatives. Approaches and patterns for the 
actual integration from the modules to the IT-systems of the LSP can be found in Hohpe and 
Woolf [91]. They are not the focus of this research, but are the general concepts of the 
blueprints of CL. Following the approach of Papazoglou’s cloud blueprints [47], different 
description languages (request, description, compliance and manipulation) are conceptualized 
that cover different aspects of the CLSB. 
The request language is aligned with the ODP. As the semantic aspects have been modeled 
with the ontology design pattern described in OWL, logistics services can be requested via 
SPARQL queries on the technical side. In order to enable usability, those queries should be 
created with the help of graphically supported editors (see next section). Taken the above 
mentioned ODP, an example query to find logistics services for truck unloading from LSP 
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that provide staff, forklifts and scanners in order to unload a truck and send information about 
the received goods digitally to a WMS would be as follows: 
@prefix LoSe_ODP: <https://github.com/Michael-Gloeckner/LoSe_ODP#> 
SELECT LogisticsStakeholder LogisticsService 
FROM <https://github.com/Michael-Gloeckner/LoSe_ODP#> 
WHERE { 
LoSe_ODP:staff rdfs:subClassOf LoSe_ODP:Resource. 
LoSe_ODP:forklifts rdfs:subClassOf LoSe_ODP:Resource. 
LoSe_ODP:scanners rdfs:subClassOf LoSe_ODP:Resource. 
LoSe_ODP:Resource LoSe_ODP:hasCharacter LoSe_ODP:Physical. 
LoSe_ODP:Resource LoSe_ODP:isProvidedBy LoSe_ODP:LogisticsStakeholder. 
} 
The description language, just like OWL of the ODP, should be based on XML as well. The 
consolidated concept is presented in Figure 5. Conceptual content of the description should be 
focusing on domain specific aspects. Again, the 7 R of logistics [86] (i.e. right product, 
location, time, quality, quantity, price, and information) are taken into account for the basic 
transformations of logistics services in accordance with the ODP. Those basic transformations 
of the logistics domain are known to LSP independent of IT skills, and thus create easy 
recognition and usage of the CLSB when used in the graphical representation. Domain 
specific flows match with the ones described in the ODP, i.e. flows of goods, information and 
control [14, 51]. Financial flow, which is also important in logistics [92], can be viewed in a 
wider sense, as a kind of information flow in regards to online banking (even though there 
might be higher formal and security requirements). CL is an information-centric paradigm; 
hence the flows of information and control are obligatory. The flow of goods is always the 
final objective of logistics services, but not always necessary (e.g. customs clearance via 
electronic systems or transport management). As described in the ODP, several types of 
resources are to be described and presented by the module (i.e. active vs. passive resources 
and informational vs. physical ones). A common point of quality management are the SLA in 
logistics. Their character and content depends strongly on the type of logistics service and 
thus forms a varying point, examples are: lead time, delivery rate, reliability, picking 
accuracy.  
Page 22 of 45International Journal of Physical Distribution & Logistics Management
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
9 Consolidation and Research Roadmap 163
International Journal of Physical Distribution & Logistics M
anagem
ent
23 
 
 
Figure 5: Conceptualized cloud logistics service blueprint as the generic basis for cloud logistics services. 
The compliance langauge has to be able to represent the following aspects: Privacy, an 
important issue in logistics and requiring its own research [93, 94] especially in terms of 
cloud-based BPaaS [95], and the constraints that have been included in the ODP,  such as the 
legal (restricted driving schedule [88] or permission to handle dangerous goods [87]) and 
consumer posed, non-legal, constraints [80].  
The manipulation language is following the example of Papazoglou with the typical 
manipulation operators, e.g. match, merch, compose, delete, extract, disjoint, etc. 
In summary, with the discussed modules containing a semantic core and a domain-proximal 
representation that is easily understandable to domain specialists, the foundation is created for 
a system utilizing a basic set of building blocks of logistics services. Those building blocks 
represent the generic logistics services that are to be customized when creating real life 
services from different LSP that can be represented in a common schema. Hence, the 
connection of services from different providers with differing systems is enabled on a 
virtualized level. With these concepts, logistics services can be engineered that enable the 
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paradigm of cloud logistics. Subsequently, the next challenge is an appropriate framework for 
their convenient management. 
The Service Map - Management 
This sub-section focuses on the management of Cloud Logistics Service Blueprints within a 
logistics network via the conceptual framework of the logistics service map and its 
metamodel.  
Logistics Service Map Concept  
The Logistics Service Map concept needs to fulfill certain requirements. Retrieval of services 
is a challenging task [96, 97], especially for users with low IT-skills, such as small and 
medium LSP [98]. An intuitive and context-specific approach can help support the adoption 
of the service oriented paradigm and the cloud logistics paradigm in regards to small and 
medium LSP, respectively. Relations between services play a special role in logistics (e.g. see 
[87]) and in service networks in general [99]. Thus, the service map must structure and 
categorize the logistics services in a context-driven way. The handling of different granularity 
levels [100, 101] is useful in the context of services and composed services. Flexibility and 
agility are highly expected within the shipper-LSP relationship to accommodate current and 
future business challenges [15].  
The Logistics service map concept satisfies the needs for support, especially the management 
of logistics service by offering a customizable framework. The objective is the domain-
specific categorization and structuring of logistics services. The service map is defined as 
follows [39]: 
A Service Map (SM) is a representation, in multiple abstraction layers, of existing services 
and their relations in a service network or part of it. The SM offers the functionality of a 
modular service system and is built upon machine-readable service description. It includes 
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visualization and its purposes are precise mediation and collaborative planning, especially in a 
network based on the division of labor. The SM can be structured by a user-defined 
categorization-pattern.  
The service map concept consists of two main parts, as seen in Figure 6. The first important 
aspect is the service catalog. Atomic services can be put into customizable categories of the 
catalog. Those categories help with retrieving atomic services with a structured 
categorization-pattern. Further, service templates are offered from which provider-specific 
services can be derived and then used to facilitate the service subscriptions of new LSP and/or 
services in the network. Templates consisting of composite services can also be stored in the 
catalog. Moreover, the available set of services within a network and the visualization foster a 
precise mediation and communication between all stakeholders during the whole service life-
cycle. The unique standard of buildings blocks, i.e. the CLSB, interconnects services and 
resources from different providers. The second important part is the construction system. 
From the catalog, services can be selected and composed within the construction system in 
order to create composite services. Customer demands can be met by individually composing 
services following the customer-specific requirements during planning and re-scheduling. 
Further, the service map is able to display different granularity levels and viewpoints, from a 
basic service description up to an overview of services involving several categories. 
 
Figure 6: The logistics service map concept and its main constituent parts. 
The usage of the logistics service map can be described with several use cases. (a) Add a new 
LSP to the network and match its offered services to the existing set of services in a logistics 
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network by adding the new LSP to the provider list of the particular service. (b) Develop a 
new composite service to meet a specific customer's needs by selecting and composing 
services from the service catalog with the help of the editor. (c) Find a compensational service 
or provider when realizing the urgency for re-scheduling, re-planning or elimination of errors 
because of an unpredictable disturbance in the network. (d) Detect the need to find further 
specialists when customer requirements cannot be matched to existing services. Hence, the 
service map holds advantages for several stakeholders of a logistics network. On one hand, 
there is the network, the logistics integrator, and its customers that benefit from an easy 
management of logistics services. On the other hand, there is the possibility of easy 
participation of LSP in a dynamic network. The service map concept seeks to align both 
perspectives in order to foster mediation through a common set of services. 
Metamodel 
The service map concept is translated into an IT concept with the help of a model-driven 
development approach. Important requirements of model-driven development are emphasized 
by Atkinson and Kühne [33], outlining the capabilities and potential of metamodeling. First of 
all, metamodeling enables the long-term productivity of software artifacts with several 
benefits. One benefit is the easing of understanding for different stakeholders in case of staff 
change (personnel aspect). In the case of integrating new features, capabilities and changes in 
functional requirements, the effort of maintenance is reduced (functional aspect). The general 
operational concept can be modeled and implemented in different platforms, and still, 
interoperability is enabled on a common basis, i.e. the common metamodel, as artifacts are 
decoupled from tools (platform aspect). Therefore, a metamodel is an important basic artifact 
for IT-artifacts and other concepts. It is especially important in the domain of logistics 
networks that consist of a high amount of LSP due to outsourcing and the division of labor 
[15] (personnel aspect), with a dynamic range of offered and operated logistics services [102] 
(functional aspect), and a high variety of included systems and descriptions [15, 18] (platform 
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aspect). Issues concerning versioning, inconsistencies, and independent maintenance of 
models and metamodels, can be faced with the help of specialized metamodel-platforms [103, 
104].  
 
Figure 7: Metamodel of the Service Map. 
The presented metamodel of the logistics service map, see  
Figure 7, is based on the EMOF (Essential Meta Object Facility) compatible Ecore11 
metametamodel. Nevertheless, the metamodel, and instances of it, could also be implemented 
in other frameworks. Instances of the logistics service map for different networks or different 
parts or portfolios of a network can be derived from the common metamodel. Hence, those 
instances are inter-connectable. The metamodel is adaptable and thus, there is no need to raise 
claim of completeness. Analogical to the ODP, the metamodel forms a trunk, or pattern, in 
order to give guidance and a starting point when creating a service map model. 
Each instance of the metamodel consists of exactly one catalog containing services available 
in the network. This catalog is structured by categories which depend on a specific domain 
(e.g. logistics in the current case). The catalog represents a structured list of services, each 
capable of one or more capabilities. These capabilities are restricted by the domain of 
                                                
11 http://www.eclipse.org/modeling/emf/?project=emf 
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application and belong to certain categories. A Provider owns specific resources that are 
consumed during service provision. However, most logistics resources are still available after 
consumption, e.g. trucks and warehouses. SLA are specified by the providers as services can 
be merged with some other services and restricted in not working with others. As stated 
in [87], each service’s  relations and references composition possibilities to other services, can 
be described by allowedSiblings and deniedSiblings. 
Because the logistics service map follows a metamodel based approach, an integrator is 
enabled to manage multiple provider networks independently but based on the same pattern, 
e.g. in automotive industry, chemical industry. Requirements of OEMs (Original Equipment 
Manufacturers) are very strict in that they often demand closed supply chains. Providers are 
not allowed to share their resources, such as warehouses, between different contracts. For 
instance, an integrator responsible for warehouses with vendor managed inventory (VMI) for 
multiple OEMs at nearby production sites is liable to provide warehouse resources to each of 
the OEMs exclusively, i.e. separate infrastructure and employees. With this in mind, an 
integrator is still able to optimally allocate resources if he partitions its complete network into 
independent parts and manages each of them separately. Though, same services are in 
different catalogs, the integrator is aware of the total resources available and can create an 
efficient supply chain for each customer while optimizing both owned and LSPs’ assets. 
Merging of Concepts – the Lego Brick System of Cloud Logistics 
Bringing all the above described artifacts together, their relation and collective abilities are 
briefly outlined. On the one hand, there is the service landscape. The developed generic 
ontology design pattern is the semantic core of the designed generic cloud logistics service 
blueprints. Together, those two artifacts form the generic building blocks of cloud logistics 
and enable the standardized engineering of logistics services. On the other hand, there is the 
service map. The designed concept and its created metamodel serve for managing the logistics 
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services in networks. The customizable categorization allows for easy retrieval of logistics 
service and their subsequent composition. The derived instances, i.e. logistics services, can be 
integrated and related to each other when relating to the common metamodel. Finally, 
bringing landscape and map together enables integrated logistics service engineering and 
management. Domain-specific objects of the metamodel are existent in the ODP as well, 
meaning the map is able to display the landscape and to support ‘navigation’ in it. The CLSB 
and the service map, enable a system of modular logistics services on the basis of cloud 
principles.  
Evaluation 
Following the design and merging of artifacts in the former section, this section introduces the 
FEDS method. The designed evaluation episode is applied to the above mentioned concepts in 
order to evaluate their power to answer the leading research question from the introduction: 
“How should a logistics service system be designed as to adopt cloud principles?” 
The FEDS Method 
Evaluation of design artifacts is a key activity in design science research [19, 35]. 
Characteristics of the evaluation are rather summative [105] and done ex post [106]. The 
leading approach is the Framework for Evaluation in Design Science Research (FEDS) [35]. 
Within the framework’s first dimension, the functional purpose [35, 105] declares why 
artifacts are evaluated. This evaluation will be located between formative and summative. The 
outcome of the process of shifting logistics networks to the cloud logistics paradigm shall be 
improved and the evaluation is done to provide a basis for successful action (formative). 
Simultaneously, it shall be checked whether the outcomes match the expectations and if a 
consistent interpretation across is to be created, similar to a standard (summative). Evaluation 
shifts over time, from being rather formative to rather summative, depending on the state of 
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development [35]. The developed artifacts are the first conceptualized models that create the 
building blocks for the paradigm of cloud logistics. Thus, both purposes are partly fulfilled.  
The framework’s second dimension, the paradigm of the study [35], declares how artifacts are 
evaluated (i.e. either artificially or naturalistically). Again, the evaluation falls between the 
two. The evaluation does not adhere to real users nor real systems, which is why it cannot be 
seen as fully naturalistic [107]. Nevertheless, real process descriptions are used in order to 
conduct a criteria-based evaluation with theoretical arguments [108], thus providing partial 
fulfillment. Venable et al. [35] presents four particular steps for a successful evaluation in 
design science research:  
(1) Explicate goals: The goal of the evaluation is rigor. It shall be shown that the artifacts are 
collectively able to enable the cloud logistics paradigm and work in real situations. Therefore, 
real process descriptions are taken into account. 
(2) Choose evaluation strategy: Technical risks (e.g. integration engineering) as well as user-
oriented risks (e.g. usability) are relatively low. Hence, a Quick & Simple strategy is 
emphasized to be suitable. Further, the described p rpose and paradigm of evaluation 
described above also argues for a Quick & Simple strategy. Costs for a fully naturalistic 
evaluation would be very high when transforming whole network portfolios. Prototyping is 
suggested by Venable et al. [35] as a first evaluation step, for such a case. 
(3) Determine properties to evaluate: As the results are made from a conceptual basis for a 
complex piece of software, the generic artifact properties of Mathiassen [109] apply, which 
are based on the standard ISO 9126. The properties of being ‘flexible’, ‘comprehensible’, 
‘reusable’, and ‘interoperable’ are taken into account, as they mark the essential advantages of 
the new paradigm of cloud logistics [44]. Mainly, the basic cloud principles from Table 1 will 
provide evidence of the artifacts enabling of the CL paradigm. Venable et al. also recommend 
the framework of Smithson and Hirschheim [110] for the evaluation of artifacts embodying 
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information systems. Thus, a ‘comparison with objectives’ is the superior property of 
evaluation. 
(4) Design the individual evaluation episode(s): As resources for the concurrent research 
project are limited (i.e. time, people, and budget) and former discussions lead unanimously to 
the Quick & Simple strategy, one evaluation episode will be described. As the developed 
artifacts are still in an early and very conceptual state, one episode is assumed to be sufficient. 
Quick & Simple Evaluation Episode 
Taking the framework of Smithson and Hirschheim into account, the leading approach is the 
comparison with the objectives, which is taken from Mathiassen. Those objectives are 
discussed in the following with the final prototype supporting the arguments. Also, the 
objectives are discussed for each of the four designed artifacts, i.e. ontology design pattern 
(ODP), cloud logistics service blueprint (CLSB), service map concept (SM), and the service 
map metamodel (MM), as well as an incorporated discussion of the Lego Brick System of 
Cloud Logistics. 
Flexible 
The generic character of ODP, CLSB, MM, and their design with regards to basic domain-
specific requirements enable the creation of a comprehensive range of logistics services. The 
SM concept is customizable by definition and can then be configured in a flexible way. The 
Lego Brick system, consisting of reusable service templates, allows for a flexible planning and 
re-scheduling of composite logistics services. Due to the de facto standardized interface 
concepts of the building blocks (i.e. goods, information, and control) modules can be flexibly 
added, removed, or exchanged in composite services.  
Comprehensible 
Each presented artifact is developed with regards to basic domain-specific requirements (such 
as basic transformations, flows, or resource descriptions).  Domain experts should be able to 
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understand and determine specifics of the service for either subscription of own services to 
the service map, or to select appropriate services from the catalog. The Lego Brick system, as 
a whole, enables the easy creation and combination of modules that contain logistics functions 
and basic services in the style of the well-known toy ‘Lego’. With this approach, complex 
services and customized supply chains can be created easily due to building blocks and their 
connecting interfaces. 
Reusable 
Again, due to the generic character, each of the designed artifacts can be re-used to create a 
wide ranging portfolio of logistics services. The Lego Brick system consists of reusable 
service templates, from which instantiations for each LSP can be derived and stored in the 
catalog of the service map. The development of further reusable templates is also possible. 
Interoperable 
A basic principle of a semantic approach is the management of and reasoning on existing 
knowledge without regards to actual syntax and description language. By relying on a central 
ODP and domain-specific interfaces, the created Lego Bricks are interoperable and can be 
exchanged easily. The Lego Brick system remains to be in a very conceptual state. Therefore, 
integration with other IT systems, e.g. of the related LSP, is still an issue to be solved in 
future research activity. First ideas for patterns and concepts that solve this can be found in 
[91]. 
User Access (CL-specific) 
With stable interfaces (from ODP, CLSB) easier access and reconfiguration is achieved. 
Further, machine-readability supports (semi-)automated service engineering and management. 
Resource Heterogeneity, Virtualization and Sharing (CL-specific) 
With the help of interoperable and reusable building blocks and virtualized resources (ODP, 
CLSB), the actual resources can be hidden behind a developed interface in the Lego Brick 
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system. This means resources can be shared more easily within a logistics network, especially 
commodity services (e.g. transportation, warehousing). 
Standardization (CL-specific) 
With the help of the building blocks and service map artifacts,  a standardization can be 
reached for the modules (i.e. ODP, CLSB) and for the structuring and categorization of 
logistics services within the catalog (i.e. SM, MM). Even though generic, the Lego Brick 
system still remains very flexible by including common and varying points of the logistics 
domain. 
Scalability and Resource Optimization (CL-specific) 
Standardized interfaces and reusable modules (i.e. ODP, CLSB) grant flexibility. Scalability 
and reorganization of resources, which are prerequisites of optimization, is enabled. Under the 
assumption of a satisficing amount of available real resources in the network, the Lego Brick 
system scales easily.  
Payment Model (CL-specific) 
Pay-per-use payment models have been possible since before CL. Financial aspects are 
included into the concepts of CLSB and MM. The Lego Brick system with a continuous 
support of information systems facilitates invoicing and actual payments. 
Service Level Agreements (CL-specific) 
SLA are formalized and included in ODP, CLSB, and MM. Thus, an integration and 
interchange within, and between, the service landscape and service map is possible. Further, 
this enables the consistent implementation of SLA for the whole Lego Brick system. 
Prototype 
The prototype of the Lego Brick system has been developed and implemented as a general 
proof of concept and as a helpful tool to gain further insights during development [111]. 
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Figure 8: Screenshot of the prototype. 
The Screenshot in Figure 8 shows the current state of the web-based prototype. On top there is 
the navigation bar with (from left to right) the matrix view of the catalog, service list 
(instantiations of the templates), service templates, as well as categories and dimensions in 
order to customize the catalog structure. In the figure, the matrix view of the catalog is 
displayed with the two dimensions of ‘service type’ (comprising of characteristics like 
physical or informational services, as well as knowledge-intensive and financial focused 
logistics services) and ‘phase of process’ (i.e. the logical order from outbound via transport to 
inbound and the next downstream production). The selected dimensions of the matrix can be 
changed via drop down menu. The editor canvas for the composition of complex logistics 
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services is located right under the matrix. For the sake of pragmatism, in the prototype the 
(logistics) services are interpreted as tasks of processes. In order to have a high and 
widespread acceptance, the standard of BPMN 2.0 [112] has been used and implemented with 
the help of the web-based BPMN editor12. For ease of use, services can be placed on the 
editor canvas via drag and drop. As seen in figure 8, the example of a complex service from 
Figure 6 is rebuilt, consisting of warehousing, picking and transportation. The service 
description in the prototype is based on the concept presented by ODP and CLSB. The 
composite services are saved in XML, e.g. see Figure 9. In the example, IDs and names of 
services are displayed. Further, the position on the canvas and the relations between several 
process tasks are encoded. With this format, information about services can be transferred 
easily as machine-readable files between several stakeholders. With the help of the web-based 
prototype, LSP are enabled to view details and information about the (complex) services with 
standard IT systems and even smartphones via web browser. 
Two example processes of the logistics domain, from two real internationally operating LSP, 
are anonymized (due to privacy reasons) and they are modeled with the help of the Lego 
Brick system proofing the concept. The goal is to create logistics services that can be easily 
connected, even though they are offered by different LSP with different description standards. 
This represents a realistic scenario in a logistics network characterized by specialization and 
division of labor. Such a network could be managed (planning, controlling, monitoring) with 
the help of the Lego Brick system. 
                                                
12 https://bpmn.io/ 
Page 35 of 45 International Journal of Physical Distribution & Logistics Management
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
9 Consolidation and Research Roadmap 176
International Journal of Physical Distribution & Logistics M
anagem
ent
36 
 
 
Figure 9: XML code of a complex service. 
LSP 1 offers the service 'picking for long-distance transport' within the network. This 
comprises all physical entity movements to the truck and follows the steps of (1) getting 
freight documents from WMS, (2) scanning, (3) picking, (4) bringing pallets to the vehicle, 
(5) loading pallets onto the vehicle, and (6) scanning and forwarding protocol to WMS. The 
input flows are informational (freight document: goods identification, quantity, shipper, 
consignee) and physical (order position, pallets containing goods, vehicle). The control flow 
is added later on, when the logistics service is composed with other services. The trigger 
signal would be the arriving of the order at the warehouse. The transformations aim at the 
dimensions of location (warehouse to vehicle), time (the process takes a certain amount of 
time), costs (occurring for the provision of the service), and information (state of the order 
positions, pallet containing a certain good changes from ‘in warehouse’ to ‘in transfer’, and 
the location information is changed as well). The necessary resources for this comprise staff, 
forklifts, transport vehicle, scanners, WMS (active), pallet, and freight documents (passive). 
Important KPI and SLA comprise the time consumed, the accuracy of identification of goods, 
identification of pallet space and the matching of the latter two. For the forwarding of the 
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protocol that contains the transformations done, electronic web services could be used for 
information transmission to the logistics integrator.  
LSP 2 offers the service 'long-distance transportation' within the network. This comprises the 
steps of (1) picking up load units (e.g. pallets) from origin, (2) signing receipt of goods, (3) 
conduct transportation of goods to destination, (4) delivery of goods to destination, and (5) get 
confirmation of receipt. The input flows are informational (order information) and physical 
(truck and pallets). The control flow is added later on as well. The transformations aim at the 
dimensions of location (goods from origin to destination), time, quantity, cost, and 
information (state of the goods from origin to destination). The necessary resources for this 
comprise staff, truck (active), pallet, loading document, and freight document (passive). 
Important KPI and SLA comprise the lead time and fuel consumption. Electronic services are 
invoked to transfer data.  
Service 1 could be categorized with the attributes physical, outbound, picking. Service 2 
could be characterized with the attributes physical, transportation. One crucial difference 
between both descriptions is the name for the transport mean. LSP 1 names it ‘vehicle’, 
whereas LSP 2 puts the label ‘truck’ on it. At the time of subscription of the service to the 
logistics network through the service map, a semantic link has to be established. For example, 
both resources could be comprised by the superior class of ‘active road transport resource’ 
with the help of the ontological sameAs property. 
The goal of the evaluation was to show rigor. The artifacts collectively enable the principles 
of the cloud logistics paradigm and have shown the applicability in real situations with the 
help of anonymized real process descriptions. The prototype further proved the technical 
feasibility of the concepts. 
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Conclusion 
Summary 
The paper’s purpose is to take a first step towards a digitalized logistics industry as an 
important part of digitalized SCM or SCM 4.0, respectively. By adopting cloud principles to 
logistics and creating generic basic modules of logistics services, the digital interconnection 
of LSP as well as the basis for connecting sensors and analytics to logistics services is 
facilitated. Logistics forms an essential part of supply chains and SCM in terms of the 
physical and non-physical services related to the physical movement of goods in the supply 
chain. Hence, with a digitalized logistics a first step towards digital business strategies in 
SCM can be realized in order to interact and serve a digitalized manufacturing and production 
industry. 
The primary focus of this paper is on the first steps towards comprehensive conceptual 
elaboration of the cloud logistics paradigm. The disruptive character of cloud computing and 
its influence on other industries is shown by outlining the parallels of computing services and 
logistics services. Simultaneously, the gaps in research and the resulting necessity of further 
development have been derived. With the help of design science research and design-oriented 
information systems research, the leading research question is answered. Design oriented 
conceptual IT artifacts have been developed in order to make cloud principles adoptable to the 
logistics domain. An ontology design pattern is developed in order to describe logistics 
services (as well as their resources) semantically, making the connection of services from 
different LSP possible, independent from the description standard. Further, a generic logistics 
service module as a basic platform for digitalized logistics services and the connection of 
sensors and analytics is developed with the cloud logistics service blueprint. With the artifact 
of the logistics service map and its metamodel, a conceptual framework is designed for 
structuring and categorizing logistics services in order to facilitate their management. After 
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merging the artifacts, the collective approach is evaluated with the FEDS framework. 
Anonymized real logistics process descriptions have been used to show the conceptual, as 
well as the technical feasibility of the approach. Emphasis is put on cloud logistics centered 
evaluation criteria, such as user access, resource heterogeneity, resource virtualization, 
standardization, and scalability. 
Theoretical Implications 
With the artifacts presented in this paper, a first bundle of IT-related concepts has been 
developed and evaluated for the support and enabling of cloud logistics in the context of 
digitalized supply chains. An important contribution is the first explicit definition of cloud 
logistics that is derived by systematically reviewing the state of the art literature of cloud 
logistics. Also, the integration of the two existing streams of cloud computing centric layers 
on cloud logistics (i.e. IaaS, PaaS, SaaS) and resource-centric layers (i.e. logistics resources, 
virtualized resources, encapsulated resources (=services)) have been combined for the first 
time, by extending the existing framework of cloud logistics. With the help of a design 
oriented research approach, artifacts have been developed, creating a comprehensive starting 
point for future research on cloud logistics and digitalized supply chains. 
Practical Implications 
Practitioners get an overview of the potential and possibilities of the new paradigm in 
logistics. General conceptual approaches are presented. LSP are motivated to open up to 
digitalized approaches in order to stay competitive. Outsourcing and insourcing of 
capabilities, processes, and resources is nothing new to logistics, however, LSP should shift 
from being closed and striving only for competitive advantages, towards increased 
collaboration, transparency and flexibility in terms of virtualizing their resources. The 
disruptive paradigm of CL with its inherent digitization opens a chance for increasing 
specialization, providing higher service quality, and boosting customer satisfaction with more 
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flexible solutions and higher ease of use. These qualities will lead to better success on the 
market serving a digital production industry. 
Limitations and Further Research 
As the paper presents the first conceptual steps of dedicated cloud logistics artifacts, there is 
still a high number of aspects that demand for further research. The artifacts and the Lego 
Brick system need to be refined and further evaluated with a higher number of real logistics 
processes in a more complex network. This also implies further episodes of evaluation 
employing the FEDS framework. Indeed, an embedding of those cloud logistics services 
within a digitalized production network would lead to further insights and improvements. 
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9.2 Executive Summary
The paper consolidates the formerly presented artifacts of the cloud logistics frame-
work for engineering and management of cloud logistics services. Cloud principles are
adopted to logistics and generic basic modules of (cloud) logistics services are created.
A design science approach is used that focuses on the creation of IT artifacts. Based on
the framework of design oriented information systems research [Österle, Becker, et al.,
2011], several methods, i.e. [Newell, Herbert Alexander Simon, et al., 1972; Wickel-
gren, 1974; Vom Brocke, Simons, Riemer, et al., 2015; Smith, 1988; Herbert A. Simon
et al., 1981; Goel, 1997; Rowe, 1991; Smith, 1992; Hara et al., 2009; Czarnecki and
Eisenecker, 2000; Ritchey, 2013; Atkinson and Kühne, 2003; Briggs et al., 2011; Ven-
able et al., 2014; Peffers, Rothenberger, et al., 2012], are involved to analyze, design,
and evaluate the artifacts. The paper answers the research question “How should a
logistics service system be designed as to adopt cloud principles?”
The paper presents a comprehensive conceptual elaboration of the cloud logistics
paradigm: next to the definition of ‘cloud logistics’, the foundational artifacts for the
engineering of generic modular cloud logistics services as well as for the management
of those services are presented. Finally, the prototypical implementation is presented,
see Figure 9.1. The initial set of artifacts has been consolidated, creating a starting
point for future research on cloud logistics and digitalized supply chains. An XML-
based description is defined and the concept of reusable building blocks is invoked. In
Addition to the first definition of cloud logistics, the conceptual framework of cloud
computing is extended by a domain-specific dimension and the layers of resources,
capabilities and objects in order to describe the field of cloud logistics. 36  
 
Figure 9: XML code of a complex service. 
LSP 1 offers the service 'picking for long-distance transport' within the network. This comprises 
all physical entity movements to the truck and follows the steps of (1) getting freight documents 
from WMS, (2) scanning, (3) picking, (4) bringing pallets to the vehicle, (5) loading pallets 
onto the vehicle, and (6) scanning and forwarding protocol to WMS. The input flows are 
informational (freight document: goods identification, quantity, shipper, consignee) and 
physical (order position, pallets containing goods, vehicle). The control flow is added later on, 
when the logistics service is composed with other services. The trigger signal would be the 
arriving of the order at the warehouse. The transformations aim at the dimensions of location 
(warehouse to vehicle), time (the process takes a certain amount of time), costs (occurring for 
the provision of the service), and information (state of the order positions, pallet containing a 
certain good changes from ‘in warehouse’ to ‘in transfer’, and the location information is 
changed as well). The necessary resources for this comprise staff, forklifts, transport vehicle, 
scanners, WMS (active), pallet, and freight documents (passive). Important KPI and SLA 
comprise the time consumed, the accuracy of identification of goods, identification of pallet 
space and the matching of the latter two. For the forwarding of the protocol that contains the 
Figure 9.1: XML code snippet of a complex service consisting of modular basic logistics
services.
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In terms of contribution type level (see Table 1.2) and the kind of knowledge contri-
bution (see Table 1.9), the artifacts of the paper can be characterized as follows: The
comprehensive consolidation of elementary artifacts within the framework can be con-
sidered design theory about an embedded phenomena, thus the artifact can be located
on the third level of research contribution types. In addition, with the first presenta-
tion of a comprehensive new solution to the new problem of cloud logistics, the artifact
constitutes an invention.
This papers comprises the consolidation for the engineering and management of
cloud logistics services (i.e. "service landscape" and "service map") and is built upon
the artifacts of paper #1 - #6.
10 Conclusion and Future Work
The final chapter summarizes the included papers with their inherent contributing
artifacts, concludes the thesis, and discusses the findings. The results are critically
appraised, and an outlook on future research directions is given.
10.1 Developed Artifacts
The cumulative thesis comprises the following eight contributions that answer the
research questions of section 1.2 and have been developed, described and published
within the former included papers:
1. Conceptual basis of the cloud logistics service landscape that facilitates the en-
gineering [Glöckner et al., 2017], see Chapter 2.
With the help of a systematic literature review, the field of cloud logistics is ana-
lyzed, conceptualized and a first definition of the term cloud logistics in scientific
literature is given. The conceptual framework of cloud computing is extended by
a domain-specific dimension and the layers of resources, capabilities and objects
in order to describe the field of cloud logistics. Further, cloud logistics service
blueprints are developed as a conceptual template for the creation of logistics
services in cloud logistics. This paper lays the foundation for the engineering of
cloud logistics service description and is complemented technically by the artifact
of paper #2. The insights are further used for the service granularity framework
(#5), transitively for the prototype (#6), as well as the consolidation and re-
search roadmap (#8).
2. Technical basis of the cloud logistics service landscape that facilitates the engi-
neering [Glöckner and Ludwig, 2017a], see Chapter 3.
The NeOn methodology is used to develop an ODP that describes logistics ser-
vices semantically and thus enables a bridging of the syntactic differences between
heterogeneous LSP. Data and information (of services) from different providers
can be made available, linked and interchanged easily within supply chains. Vir-
tualized resources and digitalized collaboration are supported. This paper lays
the foundation for the engineering of cloud logistics service description and tech-
nically complements paper #1. The insights are further used for the service
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granularity framework (#5), transitively for the prototype (#6), as well as the
consolidation and research roadmap (#8).
3. Conceptual basis of the cloud logistics service map that facilitates the manage-
ment [Glöckner, Augenstein, et al., 2014], see Chapter 4.
A metamodeling approach is utilized to create a conceptual model of the logistics
service map. This artifact enables the systematic categorization within a catalog
in order to facilitate retrieval and management of logistics services. This paper
lays the foundation for the management of cloud logistics services and is techni-
cally complemented by the artifact of paper #4. The insights are further used
for the service granularity framework (#5), transitively for the prototype (#6),
as well as the consolidation and research roadmap (#8). This artifact is applied
within a compound approach for tactical logistics planning in paper #7.
4. Technical basis of the cloud logistics service map that facilitates the management
[Glöckner and Ludwig, 2017c], see Chapter 5.
The NeOn methodology is used to develop an ODP that semantically describes
and consolidates essential common structuring approaches of the logistics domain
for logistics services. Thus, it enables a bridging of the syntactic differences
between heterogeneous LSP and their structuring approaches of logistics services.
The essential structuring concepts of the logistics domain are distilled into one
ODP. Hence, the structuring can easily be mapped and an ontological connection
(with owl:sameAs) between similar concepts of different LSP can be set up and
the semantic gap is closed. This paper lays the foundation for the management
of cloud logistics service description and technically complements paper #3. The
insights are further used for the service granularity framework (#5), transitively
for the prototype (#6), as well as the consolidation and research roadmap (#8).
5. Service granularity framework that facilitates both the engineering and manage-
ment of cloud logistics services [Glöckner et al., 2016b], see Chapter 6.
A systematic literature review is conducted in order to find existing concepts
of service granularity. Findings are analyzed and eventually synthesized towards
their suitability of forming a comprehensive conceptual service granularity frame-
work. Different kinds of service granularity (i.e. horizontal and vertical granu-
larity) are defined. Further, conceptual levels for handling service granularity
within specific units of organization (i.e. provider levels) and between specific
units of organization (i.e. common mapping level) are defined. Thus, a common
understanding of different granularity levels between heterogeneous participants
can be established. As a proof of concept, the framework is applied to the lo-
gistics domain in order to enable modular logistics services. This paper is the
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foundation for a conceptualization of service granularity. The insights are used
for the prototype (#6), as well as the consolidation and research roadmap (#8).
6. Prototype of the logistics service map as a proof of concept [Glöckner, Niehoff,
et al., 2017], see Chapter 7.
A technical proof of concept is realized via prototyping the logistics service map
concept within a single page web application. The prototype is implemented in
the free and open-source JavaScript software stack ’MEAN’ consisting of mon-
goDB, express, angularJS, and node.js. This software prototype proves the cloud-
environment applicability and thus distributed usage, and scalability. The pro-
totype could be used for further acceptance improvement. This paper provides
a technical proof of concept, by implementing a prototype, based on the findings
of papers #1 - #5. The insights are used for the consolidation and research
roadmap (#8).
7. Application in the context of tactical logistics planning within a systematic ap-
proach for integrated engineering and evaluation of process alternatives [Glöck-
ner, Mutke, Augenstein, et al., 2015], see Chapter 8.
Method engineering is used to create an integrated approach of (semi-)automatic
engineering of process alternatives with the help of the systematic categorization
approach of the logistics service map. Those process alternatives could then
be evaluated using different simulation frameworks. This example application
provides a perspective on how the developed artifacts could be used in a logistics
network context. This paper provides an example for the application of the
service map concept, based on the artifact of papers #3.
8. Consolidation of the main artifacts and integration to a basic set for cloud logistics
[Glöckner and Ludwig, 2019] (publication ready), see Chapter 9.
Based on the design oriented information systems research framework, the for-
mer artifacts are integrated. The resulting cloud logistics approach is associated
with the current trend of digitalization in supply chains and the emerging IoT
paradigm. Further, the overall approach is justified and evaluated. This paper
consolidates the former artifacts (papers #1 - #6) and outlines their interac-
tion and synergy in order to enable the paradigm of cloud logistics, and thus a
cooperation of LSP in a digitalized context of future supply chains.
10.2 Summary
The thesis focuses on the development of foundational research artifacts for virtualiz-
ing, categorizing and encapsulating resources and services of logistics within reusable
modules. This framework is denoted as the Cloud Logistics paradigm and constitutes
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a rather young field of research with a high potential for the collaboration and coope-
tition of LSPs in digitized logistics industry and supply chains. The thesis contains a
basic set of conceptual and technical artifacts to enable this paradigm. The presented
artifacts support the cloud logistics’ business model of the logistics integrator (LI) in
aligning physical and non-physical resources of heterogeneous logistics service providers
(LSP) within compatible encapsulations. The generic and extensible standard for the
engineering and management of cloud logistics services is built upon the semantic
approach of ontology design patterns (ODP) in order to bridge the semantic gap in
the heterogeneous business environment of logistics. Figure 10.1 shows the resulting
approach towards cloud logistics with the allocation of the developed artifacts.
Common Mapping Level
Top Level
Middle Level
Bottom Level
Common Mapping Level
Customer‘s
International 
Logistics Network
Fragmented
Logistics Chain
(LI managed)
Heterogeneous
Logistics 
Resources
Resource
Virtualization
Service 
Composition
Resource
Encapsulation
and Structuring
… …
Logistics
Service 
Engineering &
Management
Figure 10.1: Consolidation of the developed artifacts and allocation within the frame-
work of cloud logistics. Icons made by Freepik from www.flaticon.com.
The relationship of the artifacts is described with the help of the Figure 10.1 going
bottom-up. On the lowest level, the LSPs and their heterogeneous resources are allo-
cated. The heterogeneity is displayed via different shapes, each containing a certain
logistics capability (according to the framework of CL, see Figure 2.1 in chapter 2).
From a granularity perspective, those are the resources and services offered by the LSP
to potential customers, hence they are located on the top level of the LSPs’ provider lev-
els (according to the granularity conceptualization, see in chapter 6). Via the (darker)
Common Mapping Level (see granularity conceptualization as well), which contains the
canonical schema and the service meta data (i.e. service blueprints for cloud logistics
services (see description in chapter 2) and the semantic approach of the LoSe ODP,
see Figure 3.1 in chapter 3), the capabilities of logistics resources and services are ex-
tracted, and virtually allocated on the bottom level of the LI’s provider levels. The
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extracted capabilities are collected within the service map as atomic services by ex-
pressing them with the existing service templates (see prototype in chapter 7) that are
based on the logistics service blueprints (chapter 2) and the LoSe ODP, see Figure 3.1
in chapter 3. Hence their syntactical differences can be semantically bridged via the
semantic approach of the ODP, and they can be encapsulated within reusable cloud lo-
gistics services. By linkage (via the LoSeMa ODP, see chapter 5) to a certain template
and the integration of (1) LSPs’ information on the services, and (2) the structuring
elaborated by the LI, those services are can be structured and clustered within different
fields of a matrix in the prototype according to selected dimensions (Middle Level), and
represented to the logistics or supply chain planer using the service map (see chapter 4
and chapter 5). In Figure 10.1, the clustering is done via the classification of (from left
to right) (1) means of transportation, (2) handling and warehousing, and (3) picking
and packing. The planner can drag’n’drop atomic services from different clusters onto
a BPMN-canvas in order to create more complex composite logistics services. Within
the prototype, it is possible to save the resulting complex services in a BPMN file
(XML-based) and as a graph at the same time. Those BPMN files can be used to
integrate further customer specific data, run process engines, and automate workflows.
Summarizing, with this approach the created complex services can contain resources
from different heterogeneous LSPs and be operated (semi-)automatically.
In Figure 10.1, the complex services on the LI’s top level are connected to each
other in order to perform a customer’s International Logistics Network. First, global
transport is conducted with different means of transport and the interchange of goods
between different means of transport. Second, transshipment and customs are done in
a port of the final destination country. Third, the hinterland transport is done with
further means of transport towards the final destination. Fourth, inbound logistics
processes at a certain production facility are forming the end of the LI-managed logistics
chain.
Summarizing, Ontology Design Pattern (ODP) are a semantic approach to bridge
the syntactic gap between differing wordings, descriptions, and IT systems of hetero-
geneous LSP. The approach of the ODP [Gangemi, 2005] is used to facilitate ontology
engineering by creating reusable artifacts with varying purposes [Gangemi, Gómez-
Pérez, et al., 2007]. The advantage of ODP [Gangemi, 2005] is that ontology engineers
can then draw on those patterns to reduce time and mistakes during the ontology cre-
ation process. Additionally, design and communication is easier for both knowledge
engineers and domain experts. ODP have been proven [Blomqvist et al., 2009] to be
perceived as useful, improving the ontology quality, increasing the task coverage, en-
hancing usability, and in avoiding common modeling mistakes. Their main objective
is ontology integration. Hence, the semantic description of logistics services offers the
possibility of integrating data and knowledge from different LSP in order to enable
CL. The technical artifacts (#2 & #4) provide a first point to customize own semantic
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schema of logistics services modules engineering (landscape) and management (map)
for the LI in the context of cloud logistics. The common semantic ODPs for all logistics
services enable compatibility of modular logistics services that are based on that com-
mon foundation. An important advantage of semantic web techniques for bridging the
gap between differing concepts, syntax and vocabulary [Hitzler et al., 2010] of different
LSP [Preist et al., 2005], is the combined possibility of knowledge representation and
reasoning [Hitzler et al., 2010]. Thus, logistics is turned into an open and collaborative
space.
10.3 Implications
In accordance with the framework on design science in information systems research
[Hevner et al., 2004], rigor and relevance are important aspects. Rigor is granted by
the application of approved scientific methods and their linkage via the framework for-
mulated in the memorandum on design-oriented information systems research [Österle,
Becker, et al., 2011] and the resulting artifacts and implications that enrich the sci-
entific knowledge base. Relevance on the other hand is granted by the reference and
connection to the logistics domain that acts as the source of problem and validation
and that benefit from the resulting artifacts and implications in a practical way.
The study of Wieland et al. [2016] amongst SCM researchers showed a strong need
for interdisciplinary thoughts and rigor approaches in order to tackle future supply
chain challenges such as sustainability, complexity and digital integration. Further,
researchers are encouraged "to jump into the void of new problems with little developed
theoretical bases" by the study of Wieland et al. [2016]. The research on Cloud Logistics
still is a young research field with very little theoretical and practical base [Delfmann
and Jaekel, 2012; Glöckner et al., 2017] but high potentials for future logistics and
supply chains (see 1.1). Hence, this thesis can be recognized as a pioneering piece
of work in the field of Cloud Logistics, providing starting points for researchers and
practitioners.
Scientific Implications
Implications for CL as a research discipline and for the involved researchers comprise
mainly an initial set of design-oriented artifacts as a framework to enable this paradigm
and to further explore possible potentials. Within those contributions to the scientific
knowledge base, some artifacts are to be highlighted:
• first scientific definition of Cloud Logistics [Glöckner et al., 2017]
• progression of the conceptual framework of CL [Glöckner et al., 2017]
• first conceptualization of service granularity and definition of several granularity
aspects and distinct conceptual granularity levels [Glöckner et al., 2016b]
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• first logistics domain related content ODP are developed and added to the ODP
community1 [Glöckner and Ludwig, 2017a; Glöckner and Ludwig, 2017b]
Practical Implications
As the results mark an initial set of artifacts for the foundation of CL, the thesis
contributes to the following outlined practical implications of CL.
In particular, different LSP can be integrated faster and more flexibly with the
help of the semantic approach [Preist et al., 2005], which facilitates planning and re-
scheduling activities in cases of uncertainties [Stevenson and Spring, 2007]. Further,
implicit knowledge can be derived by reasoning [Hitzler et al., 2010]. Ontologies are
an appropriate way of managing and representing knowledge, making it accessible
and understandable to both human beings and machines. They enable the formal
naming and definition of objects, properties, and their interrelations [Hitzler et al.,
2010; Gangemi and Presutti, 2009].
In general, practitioners benefit from the inherent paradigm shift of CL that cre-
ates promising planning and coordination mechanisms for logistics and future supply
chains. CL comprises a way of aligning physical and non-physical logistics resources
from heterogeneous LSP via modular cloud logistics services. With the increasing im-
portance of digital business strategies in general [Bharadwaj et al., 2013] and a steady
need for effective IT solutions especially in logistics [Langley and Long, 2018; Langley
and Long, 2017; Langley and Long, 2016] in order to integrate with shippers, cus-
tomers, and coopetitors2, CL marks an interesting option to meet this challenge. It
could foster outsourcing of more knowledge intense (such as IT-related and strategic)
logistics services that are still less likely to be outsourced than the more commodity-
like ones [Langley and Long, 2018]. Thus, the LI as well as the LSPs are enabled by
CL to focus more on their respective core competencies, such as either planning, IT
integration, supply chain consulting or actual physical operation of logistics networks.
In addition, the potential to rapidly assemble collaborative logistics networks in order
to efficiently and effectively execute international trading activities (see e.g. [Langley
and Long, 2018; Metzger et al., 2012; Fuchs and Otto, 2015; Rai et al., 2012; Wilding
and Juriado, 2004]), could be drawn from the emerging paradigm of CL. Moreover,
flexible on-demand scalability of modular logistics services [Kückelhaus et al., 2016]
is another potential benefit. Finally, potential benefits result from improved handling
of integration, higher transparency and visibility, facilitated coopetition, and better
handling of complexity, and volatility. Those issues are emphasized by the study of
Wieland et al. [2016] as important challenges for future SCM research landscape. In a
nutshell, collaboration of heterogeneous LSP is facilitated.
1 http://ontologydesignpatterns.org/wiki/Submissions:ContentOPs
2 The term coopetitor is stems from from "coopetition" which is a conflation of cooperation and
competition.
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10.4 Limitations and Threats to Validity
The presented set of contributions constitutes an initial conceptual step of artifacts
dedicated to the relatively young research field of cloud logistics. This leads to special
conditions, especially following a design science research approach. Hence, limitations
are to be discussed.
First, the developed artifacts focus on a certain understanding of logistics in the
context of tactical planning in meta logistics, i.e. collaborating LSP. This characteristic
induces a certain threat in the artifacts’ generalizability. As meta logistics is constituted
a part of macro logistics, a generalization to macro logistics is conceivable. In terms of
micro logistics, e.g. intra-logistics or production logistics, it has to be proven whether
results are adaptable.
Second, concepts are mainly derived from existing literature and theory. This de-
ductive approach further implies a lack in practical substantiation for the majority of
the artifacts.
Third, the focus and completeness of scientific publications and empirical sources
analyzed can be considered neither comprehensive nor exhaustive. Publications may
have been left out because of the applied database selection criteria. Technical limita-
tions of the utilized search engines are to be mentioned that can not be estimated nor
influenced by the author. Further, mostly journal-focused databases were taken into
account as conference proceedings at times have the tendency to be seen as of lower
quality [Levy and Ellis, 2006]. On the contrary, the literature review in [Glöckner
et al., 2017], for instance, has shown a higher hit ratio in the ’SpringerLink’ database,
which is rather mixed in terms of journal and conference proceeding. Hence, further
research could be expanded to more conference-focused databases. In this context it
is important to mention new directions of thought concerning literature reviews: Vom
Brocke, Simons, Riemer, et al. [2015] outline a rather pragmatic view on the need for
’comprehensive’ literature reviews. In the current times of ever increasing amount of
literature published and available, papers inevitably have to be omitted due to sheer
amount and ever increasing production and publication rate. Depending on the range
of a topic, it could be impossible to even read all existing publications in a reason-
able range of time3. One solution could be the refinement of focus and the change
of strategy in favor of rather thoroughly analyzing seminal work in combination with
forward and backward search than striving for comprehensiveness and having all liter-
ature, even those papers without meaningful impact, included in the literature review
[Vom Brocke, Simons, Riemer, et al., 2015]. Hence, quality of a systematic literature
is becoming more important than the pure quantity of publications analyzed.
Fourth, a residual threat remains the reliability of results. Evaluation and interpre-
tation of analyzed literature was conducted to the best of the authors knowledge and
3 Searching Google Scholar for publications since 2014 brings about 924.000 results for ’big data’ and
52.200 results for the term ’iot architecture’. (as looked up 12.12.2018)
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backed by external feedback. However, analysis and synthesis of the concepts and de-
velopment of the artifacts are based on the opinion of the researching author (human
being), and thus are not beyond bias. Hevner et al. [2004] for instance argue that,
especially in emerging research topics, the artifact itself can be seen as an experiment.
Nevertheless, by making the utilized research methods and their limitations explicit
throughout the thesis, traceability and transparency are fostered.
Fifth, the evaluation of the total result of the thesis is not comprehensive nor thor-
oughly done in terms of empirical sufficient extent. On the one hand, this results
from the cumulative character with the inherent evaluation focus in the several papers
on each respective contained artifact. On the other hand, Gregor and Hevner [2013]
explicate that, next to the aspect that artifacts of emerging fields are experiments
themselves [Hevner et al., 2004], a certain degree of flexibility shall be allowed when
judging the degree of evaluation for new design science research contributions. Espe-
cially for very novel artifacts, a proof-of-concept may be sufficient [Gregor and Hevner,
2013]. This is justified with the effort of developing artifacts with inherent formative
testing. Hence, summative (final) testing as a comprehensive evaluation should not
be necessarily expected as thoroughly as in behavioral research projects that focus on
already existing artifacts. In addition, the review process of scientific conferences and
journals is explicitly denoted as being already part of the evaluation process by Österle,
Becker, et al. [2011]. As all basic artifacts are published in double-blind review based
scientific venues, they can be also seen as evaluated.
10.5 Outlook and Subsequent Research Perspectives
With the characteristics of being foundational research artifacts and thus an initial set
of solution approaches in the field of cloud logistics, the results and the former outlined
limitations imply a certain number of aspects for further research. The future research
perspectives are related to scientific aspects as well as to the three categories of human,
business, and technology aspects. Hence, an interdisciplinary view on (cloud) logistics
and the adjacent scientific fields is a crucial issue for future research activities.
Scientific Related Aspects
With regards to research related aspects, a broader range of the analyzed scientific
sources, such as databases with a focus on conference proceedings, could improve the
artifacts. Further, extended empirical studies on the topic and insights from practical
implementation and usage will lead to new insights and further development. In addi-
tion, prior or within those empirical studies, a further evaluation, based on the FEDS
[Venable et al., 2014] appears to be reasonable. New insights and feedback for the
conceptual framework and the prototype could be generated with a refinement and a
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higher number of real life logistics services being represented, described and connected
by the prototype. Hence, embedding those cloud logistics services within a digitalized
logistics network would lead to further insights and improvements. In addition, the al-
location and distinction of the interdisciplinary research topic CL in both related fields
of logistics research and information systems research are important future task in or-
der to develop it towards a fully accepted interdisciplinary scientific research stream.
A first attempt for this purpose was made by Jaekel [2019].
Human Related Aspects
The human related research aspects for future efforts can be summarized under the term
user acceptance, which is indeed an important field in general as highlighted by many
SCM researchers in the study of Wieland et al. [2016]. They outline future research
potentials for SCM in terms of integrating data from all parts of supply chain within a
dashboard, they emphasize an advanced visualization for generating new insights, and
a reduction of complexity for easier decision making. With the developed prototype,
a first step is made into the described direction, but still potential exists for further
usability improvement. On the other hand, trust and privacy are important aspects to
be granted in order to increase user acceptance. Dealing with existing resistance: it is
important to convince LSP to share certain data that are important for an integrative
supply chain and digital coopetition. Collaboration becomes more and more essential
for LSP in order to remain competitive and to basically survive on the market, hence
a shift in perceiving and living the relationship to competitors on the market becomes
compulsory. Hence, a crucial challenge is to find methods and evaluation scenarios
that prove the benefits of collaboration in cloud logistics and digitalized supply chains.
It is important to demonstrate that the benefits outweigh the partly digital release of
confidential data (such as capacities, prices of LSPs’ infrastructure and asset usage)
that have to be shared anyway when working with business partners. A drilling down
into trust related issues is important to convince the most important factor, eventually
deciding on the implementation of digitalized approaches such as cloud logistics: human
factor and decision makers of SCM. First promising approaches of attribute-based
privacy preserving approaches can be found, e.g. in [Schwarzbach, Glöckner, Franczyk,
et al., 2017; Schwarzbach, Glöckner, Schier, et al., 2016].
Business Related Aspects
Future business related research aspects relate to several issues. On the one hand, with
a more general view, the engineering of a suitable business model of an ’cloud operator’
for Logistics [Delfmann and Jaekel, 2012] based on the LI concept but with higher IT
competence on implementing the CL framework appears to be useful in order to foster
the cloud logistics paradigm. On the other hand, to advance the inner functionality of
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cloud logistics, approaches such as service profiles [Roth et al., 2014] or comprehensive
planning environments for logistics contracts [Mutke et al., 2015] and their integration
in CL, could further amplify the benefits. Eventually, as described before, empirical
findings from further evaluation when implementing the cloud logistics framework with
a higher number of real life logistics services in a more complex network will lead to
new insights on business related topics within the CL framework.
Technology Related Aspects
Research concerning technological aspects mainly focuses on integration. An important
research issue is the collection of data and information for the creation of the services
within the service map. Currently, registration of logistics services to the catalog of the
map has to be done manually. Research and development work concerning this topic
comprises two issues. First, the technical integration with systems of the involved LSP
is an important issue - not only for the recognition of data concerning the creation
of new services but also for the later collaboration and data exchange in the actual
operation of (cloud) logistics networks and supply chains. One possible direction could
be the prototype extension with integration of IT systems following the approach of
[Klinkmüller et al., 2011]. Second, the extraction and analysis of existing data from
the involved LSP as well as the data processing are interesting research issues. This
comprises aspects such as text and pattern recognition in unstructured data like textual
process descriptions, their matching to either existing service templates or the creation
of new templates in case of completely new service types.
Further, the improvement of interaction between the semantic description of basic
services in the context of the OWL-based (i.e. XML-based) ODP and the process ori-
ented description of complex services for the operation with the (as well) XML-based
BPMN standard shows potential for improvement. In literature, several approaches are
already described that could be integrated into the prototype, e.g. basic Input-Output-
Precondition-Effect (IOPE) models [Hoxha et al., 2010], or transformation of XML to
OWL and vice versa [Sakka et al., 2011]. Others can be found in accordance with
Scheuermann and Joerg Leukel [2014] in the approach of complementing the specifica-
tion with rules that process the ontology instances [Lu et al., 2013; Chi, 2010]. Fully
integration of artifacts in terms of syntactic transformation between XML Schema of
the Prototype and OWL can be reached by syntactic translators that are developed
by using Extensible Stylesheet Language Transformation (XSLT). This rule-based
approach could map semantically similar terminologies between existing ontologies,
such as the developed ODP and the derived services (templates) on the one hand,
and application ontologies of the LSP on the other hand with the aim of enabling
semantic interoperability among applications in supply chains [Ye et al., 2008]. An-
other approach would be the use of semantically annotated Web Service Description
Language (WSDL) with pointers to concepts defined in ontologies [Das et al., 2015].
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Eventually, one crucial challenge remains: the hardware side in order to enable cloud
logistics. As Kückelhaus et al. [2016] summarize, the physical assets need to be ready in
terms of smart infrastructures that allow for decentralized control, flexibility, and data
exchange. With this on hand, cloud logistics is also an interesting topic to combine
with approaches such as, e.g. Internet of Things (IoT) [Miorandi et al., 2012], physical
internet [Montreuil et al., 2013], or digital twin [Schleich et al., 2017; Boschert and
Rosen, 2016]. Cloud logistics could serve as a source of virtualized modular logistics
resources, which are virtually encapsulated within modular building blocks, for those
approaches in order to provide them as a foundation for the context of logistics in
general and to digitally work in complex environments of collaborating heterogeneous
LSP in particular.
In conclusion, the developed artifacts help to establish first starting points in the
field of cloud logistics for future research activities in this rather young area of research.
Especially, the virtualized and encapsulated modular logistics resources and resulting
cloud logistics services hold enormous potential to bridge the heterogeneity of collab-
orating and coopetiting LSP and to provide a domain-specific foundation for other
emerging technologies and paradigms, such as IoT, physical internet or digital twins,
by turning logistics into an open and collaborative space. The current thesis strives to
provide a basis and inspiration for this development that has only just begun.
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